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Two new germanates, Ge;015(OH) (C4N3H13)o5(H20)s (1) and Ge;01,(OH)4(H,0)s (2) have been synthesized under
hydrothermal conditions and characterized by IR spectroscopy, powder XRD, TG, and single-crystal X-ray diffraction.
Compound 1 crystallizes in cubic space group P43m (No. 215) with a = b = ¢ = 7.7119(5) A, v = 458.65(5) A?,
z=1. Compound 2: cubic, P43m, a= b= ¢ = 7.7653(17) A, v = 457.48(17) A%, z = 1. Both germanates keep
the same topological novel inorganic framework, which is assembled from Ge,(OH), cubane and chiral intertwined
Ge—0 double helices.

Introduction longer than StO in silicates. Therefore, the flexibility of
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separation and catalysis. Among a variety of open-framework Table 1. Crystal Data and Structure Refinements foand 2

materials reported, only limited numbers of phosphates and 1 2
two germanategc, 4dhave such sj[ructural features. Here, We empirical formula  G@01(OH)4(CaNaH19)05H20)s  GeO12(OH)s (H20)s
report the hydrothermal synthesis and structural characteriza-fw 909.83 876.26
. T(K) 293(2) 293(2)
tions of two novel germanates, @#,(OH)s (C4sN3sH13)05 A 091073 071073
(H20)s (1; LNM-1a) and GeO15(OH)4(H20)s (2, LNM-1D), cryst syst cubic cubic
with a particularly interesting structure containing double space group P43m P43m
helical Ge-O chains and un | GOH ban a(d) 7.7119(5) 7.7053(17)
elical Ge-O chains and unusual @®H), cubanes. V(A3 458.65(5) 457.48(17)
z 1 1
; ; Deaica (9/cn®) 3.294 3.181
Experimental Section o (mm ) 11426 11451
: GOF onF2 1.078 1.210
General Remarks. All chemicals purchased were of reagent Rla[|o>n 20(1)] 0.0229 0.0238
grade and used without further purification. The crystalline product wR2[l > 25(I)]  0.0490 0.0559
was characterized by thermal analysis, powder XRD, single-crystal Rééa” ﬁf(ijtat) g-ggig 8-8;22
XRD, and IR spectroscopy. The C, H, and N elemental analyses WR2 (all data) : :
were performed on a PerkirtElImer 2400 CHN elemental analyzer. aR1= Y [|Fo| — IFcl/3|Fol; WR2 = J[W(F? — F)/ 3 [W(F)?Y2.

Infrared spectra were recorded from KBr pellets on a Nicolet )
170SXFT/IR spectrometer. TG analyses were carried out on a Data were collected on a SMART APEX2 CCD diffractometer

Diamond TG/DTA instrument (PerkinElmer) thermal analyzer ~ With graphite-monochromated ModKradiation ¢ = 0.71073 A)
under a nitrogen atmosphere at a scan rate gfclénin. at ;oon;_ tergper::azt%re.fli?th str_ucltures were solved gy girect_metnods
Synthesis of GeO1(OH)4(CaNsH13)o5(H20)s 1 (LNM-1a). and refined o y full-matrix least-squares methods using the
Colorless cubic crystals were hydrothermally synthesized from a SHE.LX97 program package. All non-hydrogen aFoms (gxcept
mixture of GeQ, HsBOs, CUCh-2H,0, diethylenetriamine, HF, pgrtlal occupied atoms: water, C, and N) were refined anisotro-
pyridine, and HO in a molecular ratio of 2:1:2:4:4:74:110. To avoid plcall_y. The H atoms of OH for both structures were located from
SU-16% we added CuGI2H,0 to induce the formation of LNM- the difference map, Wher_eas the H atoms for water, C, and N Were
1a. In a typical synthesis, Ge@.10 g) and HBO (0.03 g) were not located, because ofdlsqrdgr. A summary of the cryst'allogralphlc
dissolved in a mixed solvent of pyridine (2.80 g) and water (0.91 plata and structural determination for both compounds is provided

g), followed by the addition of Cugi2H,0 (0.16 g) and diethyl- " Table 1.
en_etriamine (0.21 g) with constant stirring. Finally, h)_/drofluoric Results and Discussion
acid (0.1 mL, 40 wt %) was added to the above mixture. The
mixture was kept in a 25 mL Teflon-lined steel autoclave at 170 ~ Crystal Structures of Compounds.The structural analy-
°C for 7 days. The autoclave was slowly cooled to room temper- sis reveals that germanale(LNM-1a) is a novel porous
ature; the product was then filtered, washed with distilled water structure with interesting one-dimensional eight-membered
and acetone, and dried at room temperature. Colorless cubic crystal$ing channels. It has a previously unknown topology with
N, 2.26, Found: G, 264, .05 N, 231 I (Ker pellet cp ‘e and GeH) octahedra, I germanaleLNW-
3200 (m), 1425 (m). 1102 (vs), 774 (s), 531 (m), 475 (5). 1@), thgre are two crystallographmally independent germa-
e ' ' ' o nium sites; one of them (Ge(1)) is tetrahedrally coordinated

Gesér](g‘isc‘)'sg)()f&eg”(g)ggg?zs)rﬁi d2ing_’(\12M8_ib)). ’jv ;:e')r(t?(;egff ) by four oxygen atoms with GeO distances of 1.739(4) A,

' ' s By -S4 9), 219 \which are comparable with those reported values for the

1,2-diaminopropane (0.21 g), and hydrofluoric acid (0.1 mL, 40
wt %) was sealed in a 25 mL Teflon-lined steel autoclave and heatedduartz form Ge@ (1.741(3) A). The 6-Ge-O angles

at 170°C for 7 days. After the mixture was cooled to room (107.76-113.0) are within the expected range for the

temperature, colorless cubic crystals LNM-1b were obtained (0.048 tetrahedral geometry. Another germanium atom (Ge(2))
g, yield 40% on the basis of G In addition, ASU-14° exists in a 6-fold coordination (octahedron) characterized by
topological germanate was prepared withogB8s; under similar three Ge-O distances of 1.835(4) A and three -G@H
conditions. IR (KBr pellet, cm!): 3195 (m), 1403 (s), 1099 (m),  distances of 1.965(3) A, whereas the adjacent germanium
775 (vs), 481 (s) atoms are connected by bridging O atoms or OH groups.

X-ray Crystallography. Crystal data fod: CoHao sd5€/N1.54021, The structure can be described from a,@#), cubane
M, = 909.83, cubicP43m, a=b = c = 7.7119(5) AV = 458.65- building unit (Figure 1a) attached to six tetrahedral GeO
(5) A% Z = 1, Deaca = 3.294 g cm*, pu = 11.426 mm*, 2.64 < units (Figure 1b). The tetrameric §&(OH), unit (Ge(OH),
e 2 s or AT P S rdgng O lomgis amposed o e

u | , | I . W . .
=0.0221 (0.0516) for 214 reflections ¥ 2(0)) and 29 parameters. (S)Efg;]neg drgea?eosl_fllﬁri(r)](:tet‘vr\f)dl;za -I?r/lvo ggj?geztneerggg)gthree-
GOF = 1.126. Crystal dimensions of 0.06 0.08 x 0.08 mnf. _ 9 ging 9
- membered ring; moreover, four O atoms from hydroxyl

Crystal data fo2: H;6Ge/0,,, M, = 876.26, cubicP43m, a = .

_ 7 _ _ _ groups link four Ge atoms to produce a novel,&H),
b=c=7.7053(17) AV = 457.48(17) B Z =1, Deacq = 3.181 . .
g oy, u = 11.451 mnt, 2.64< 6 < 25.95 (—7 < h < 9, -9 cupgne. To the be_st of our knowledge, this type of building
<k=8-8<I=<09).T=293K, 2590 measured reflections, 210 Unit is not found in other reported germanates. The £eO
independent reflections. R1 (WR2) 0.0247 (0.0633) for 198  tetrahedra link adjacent G@®H)s cubanes along the, b,
reflections ( > 2(0)) and 22 parameters. GOF 1.096. Crystal ~ and c axes by using three-membered rings that are made
dimensions of 0.06< 0.09 x 0.09 mnd. from two GeQ(OH); octohedra and one Ge@etrahedron.
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Figure 2. (a) Ge building unit including two three-membered rings. (b)
Polyhedral view of the Ggbuilding unit.

Figure 1. (a) Structure of G£OH), cubane building unit. (bSecond
Geyp cluster building unit.

Two three-membered rings share the Gé€@rahedron to

generate a novel Gdinkage (Figure 2), which is different

from ZrGeOgF,.%¢ There are eight-membered ring channels,

extending along the, b, or c axis, as shown in Figure 3.

Every eight-membered ring is surrounded by 4@d1),

cubanes, which are further surrounded by eight-membered

rings. The approximate diameter of the narrowest cross-

section of eight-membered ring channels is 6 A. There are

also Seven'm.embered ring .Channels ex_tending alor!g theFigure 3. Polyhedral view of the framework along tlaeaxis.
crystallographic [1 1 0] directions. Interestingly, each eight-

membered ring channel is enclosed by chiral intertwined ecules conform to the symmetry of the 6@ inorganic
Ge—0 double helices of the same handedness, which areframework by adjusting their orientations and disorder. In
connected through GEO—Ge linkages (Figure 4). These LNM-1a, there are five extra framework water molecules
kind of double helices are particularly rare in inorganic per Ge cluster. These water molecules are involved in

materials, with two reported phosphates being [{ZNH]- relatively strong hydrogen bonding with the inorganic
K4V 16010(H20)2(0OH)4(PQy)7]*° and [Zn(HPQy)4][Co(dien))]- framework. The shortest distance between water and an O
H,0 4 atom in the inorganic framework is 2.82(2) A.

In LNM-1a, the diethylenetriamine has a very weak By replacing diethylenetriamine and Cy@H,0 by 1,2-
templating effect. The GeO inorganic framework adopts  diaminopropane in a hydrothermal reaction similar to that
the highest possible symmetry and diethylenetriamine mol- for LNM-1a, we obtained germanafe(LNM-1b); it keeps

Inorganic Chemistry, Vol. 45, No. 19, 2006 7707



Figure 4. Space-filling diagram of chiral intertwined helices that enclose
the eight-membered ring channel (color code: Ge, blue; O, red).

Weight(%)

100 200 300 400
Temperature( ° C)
Figure 5. TG curve of GeOlg(OH)4(C4N3H13)0_5(H20)5.

the same topological inorganic framework, but without
organic molecules. As thermal and XRD analysis results
indicate that diethylenetriamine molecules in LNM-1a cannot
be removed without destruction of framework, LNM-1b is
more useful.

TG Analyses.The TG curve ofL (Figure 5) shows a total
weight loss of 15.3% in the range 2500°C, which agrees
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Figure 6. TG curve of GgO1(OH)4(H20)s.

with the calculated value of 15.6%. The weight loss of 9.0%
in the range 25320 °C corresponds to the loss of lattice
water molecules (calcd 9.9%), whereas the weight loss of
6.3% in the range 320500 °C arises from the loss of
diethylenetriamine (calcd 5.7%).

The TG curve o (Figure 6) exhibits a weight-loss stage
in the range 25500°C, corresponding to the release of all
water molecules.The whole weight loss (11.5%) is in
agreement with the calculated value (12.3%).

T
100

Conclusions

In conclusion, two new germanates with a novel topologi-
cal inorganic framework have been synthesized. Their
framework consists of the novel &®H), cubanes and chiral
intertwined Ge-O double helices. It is particularly interesting
that LNM-1b keeps the same topological inorganic frame-
work, but without an organic SDA (structure-directing agent).
The present work has great significance for germanium
chemistry and chiral porous materials.
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