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A new interpenetrating three dimensional open metal–or-
ganic framework [Zn8(GeO4)(C8H4O4)6]n, constructed by
Zn8(GeO4) secondary building units is reported. It is a rare ex-
ample of metal–organic frameworks based on the heterometallic
cluster secondary building units. Thermogravimetric analysis
shows that it is thermally stable up to 320 �C.

The recent upsurge in open metal–organic frameworks
(MOFs) is caused by their potential applications in shape or size
selective catalysis, gas storage, nonlinear optical devices, and
magnetism.1{7 The most efficient construction strategy for these
compounds is expansion and decoration of the topological net-
works of some inorganic dense materials.4 The process termed
decoration is replacement of a vertices of a framework net by a
group of vertices, such as metal cluster. One of the recent trends
has been to design and synthesize MOF employing metal cluster
as secondary building units (SBUs) and linking them with sui-
table multidentate organic ligands into three dimensional (3D)
structures.4 This approach has afforded structures with unprece-
dented porosity.4;8 However, so far most of the frameworks
were built with homometallic cluster as SBUs, the open met-
al–organic frameworks containing heterometallic cluster is
much less well explored. The later may create much richer
structural variations and still maintain chemical thermal stabil-
ity. In our effort to seek heterometallic cluster as SBUs, we no-
ticed the fact that the Zn(II) ion in tetrahedral geometry can
match well the germanate anion. In this paper, we describe a
new interpenetrating 3D open framework germanium/zinc 1,4-
benzenedicarboxylate, [Zn8(GeO4)(C8H4O4)6]n 1.

The compound 1 was prepared under hydrothermal condi-
tion: 1,4-benzenedicarboxylic acid (1,4-H2BDC) (0.083 g, 0.
5mmol), GeO2 (0.006 g, 0.05mmol), and NaOH (0.080 g,
2mmol) were dissolved in 8mL of water. The pH value was ad-
justed to about 7.0 by 1M HNO3. Then to the above solution
was added Zn(NO3)2�6H2O (0.147 g, 0.5mmol). Finally 3mL
of cyclohexanol was added. The mixture was heated to
180 �C in a Teflon-coated stainless-steel autoclave and held at
that temperature for 120 h and then cooled to room temperature.
The colorless crystals of 1 suitable for X-ray diffraction analysis
were collected after washing by H2O, which was stable in air
and insoluble in water and common organic solvent.

Elemental analysis (%) calcd. for C48H24O28GeZn8: C,
35.03; H, 1.46; found: C, 34.46; H, 1.89%. The infrared spectra
show two strong bands at 1623 and 1556 cm�1, which could be
ascribed to carboxylate anions (CO2

�) stretching modes. The
absence of absorption bands at 1730–1690 cm�1, where
the –COOH is expected to appear, is indicative of the complete
deprotonation of H2BDC.

9

A single crystal X-ray diffraction study10 reveals that 1 is

isostructural to [Zn8(SiO4)(C8H4O4)6]n
11 and made up of two

fold interpenetrating three dimensional framework (Figure 1)
with a cubic Zn8(GeO4) cluster core (Figure 2) and 1,4-BDC
anion building unit. The asymmetric unit of 1 with atom-num-
bering scheme is show in Figure 3. This unit consists of one Ge,
two Zn atoms, two oxygen, three BDC2� anions. In the
Zn8(GeO4) core, the germanate anion, located in the center of
the unit with each oxygen atom of the germanate anion bridging
two zinc(II) atoms in a m2 bridging mode, forms a distorted cu-
bic core. Each zinc(II) atom occupying one apex of the cube.
Two zinc(II) atoms at each edge of the core are then capped
by a carboxylate group of 1,4-BDC, thus six faces of the
Zn8(GeO4) cube is spanned by six pairs of 1,4-BDC to form a
6-connected Zn8(GeO4)(C8H4O4)12 cluster. Each zinc(II) atom
is four-coordinated by three oxygen atoms from three different
1,4-BDC and one oxygen atom from the germanate anion to
complete a tetrahedral geometry. The bond lengths of Zn–
Ocarboxylate are in the range of 1.921(7)–1.947(7) �A. The bond
lengths of Zn–Ogermanate range from 1.934(6) to 1.946(6) �A.
The bond angles of Ocarboxylate–Zn–Ocarboxylate, Ocarboxylate–Zn–
Ogermanate, and O–Ge–O in the germanate anion are in the ranges
of 106.8(4)–110.4(3)�, 103.(3)–121.8(3)�, and 107.6(3)–
112.0(4)�, respectively, indicating that the germanate anion
matches well the ZnO4 geometry.

It is worth noting that the typical M–O–M angles in germa-
nates are smaller than in silicates, the former offers greater op-

Figure 1. ORTEP (hydrogen atoms are omitted for clarity)
view of one lattice set of the networks in 1 along the b axis.

474 Chemistry Letters Vol.32, No.5 (2003)

Copyright � 2003 The Chemical Society of Japan



portunities for the formation of cluster aggregates. The larger
cluster aggregate could be used to substitute the GeO4 core in
the germanium/zinc heterometallic cluster. By systematic varia-
tion of the size of the cluster aggregate, a variety of open MOFs
containing heterometallic cluster core could be obtained.

Thermogravimetric analysis (TGA) was carried out on a
polycrystalline sample under a flow of air. Below 120 �C, a
slight weight loss is probably due to departure of the adsorbed
water molecules. No further weight loss steps occurred below
320 �C, which indicates the compound 1 is thermally stable
up to 320 �C.

In conclusion, A new two fold interpenetrating 3D open
metal–organic framework [Zn8(GeO4)(C8H4O4)6]n, constructed
by heterometallic cluster, Zn8(GeO4) secondary building units

has been hydrothermally prepared. This work opens the way
using heterometallic cluster as SBU in the construction of
MOFs.

We are grateful for the financial support from the National
Natural Science Foundation of China (Nos. 20241004 and
29925309), and Postdoc. Foundation of Shanghai.

References and Notes
1 J.-S. Seo, D. Whang, H. Lee, S. I. Jun, J. Oh, Y. J. Jeon, and

K. Kim, Nature, 404, 982 (2000).
2 K. Seki, S. Takamizawa, and W. Mori, Chem. Lett., 2001,

332.
3 R. Kitaura, S. Kitagawa, Y. Kubota, T. C. Kobayashi, K.

Kindo, Y. Mita, A. Matsuo, M. Kobayashi, H.-C. Chang,
T. C. Ozawa, M. Suzuki, M. Sakata, and M. Takata,
Science, 298, 2358 (2002).

4 M. Eddaoudi, D. B. Moler, H. Li, B. Chen, T. M. Reineke,
M. O’Keeffe, and O. M. Yaghi, Acc. Chem. Res., 34, 319
(2001).

5 O. R. Evans and W. Lin, Acc. Chem. Res., 35, 511 (2002).
6 S. Konar, P. S. Mukherjee, E. Zangrando, F. Lloret, and N.

R. Chaudhuri, Angew. Chem., Int. Ed., 41, 1561 (2002).
7 B. Moulton, J. Lu, R. Hajndl, S. Hariharan, and M. J.

Zaworotko, Angew. Chem., Int. Ed., 41, 2821 (2002).
8 M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wachter, M.

O’keeffe, and O. M. Yaghi, Science, 295, 469 (2002).
9 W. Brzyska and P. Sadowski, Pol. J. Chem., 61, 273 (1987).
10 Single crystal X-ray data was collected on a Bruker Smart

Apex diffractometer at room temperature. Mo Ka radiation
(l ¼ 0:71073 �A). The structure was solved by direct meth-
ods (SHELXTL Version 5.10), and refined by full-matrix
least-squares on F2. All nonhydrogen atoms were refined
with anisotropic thermal parameters and the hydrogen atoms
were treated as idealized contributions. Crystal data for 1.
C48H24GeO28Zn8 (293K). Mr ¼ 1644:22, monoclinic,
space group C2=c, a ¼ 19:658ð7Þ �A, b ¼ 14:108ð5Þ �A,
c ¼ 19:540ð6Þ �A, � ¼ 90:407ð4Þ�, V ¼ 5419ð3Þ �A3, Z ¼ 4,
Dcalcd. ¼ 2:015 g/cm3, absorption coefficient =
4.114mm�1, total reflections collected 11104, unique
4780 (Rint ¼ 0:0676), GOF = 1.098, R1 ¼ 0:0619, Rw ¼
0:1004 (I > 2�ðIÞ). Crystallographic data (excluding struc-
ture factors) for 1 have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication
number CCDC 201425. Copies of the data can be obtained
free of charge in application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax (+44) 1223-336-033; email:
deposit@ccdc.cam.ac.uk)

11 S. Y. Yang, L. S. Long, Y. B. Jiang, R. B. Huang, and L. S.
Zheng, Chem. Mater., 14, 3229 (2002).

Figure 2. Perspective of the distorted cubic core of
Zn8(GeO4) in 1.

Figure 3. View of the asymmetric unit showing
the atom numbering scheme. Thermal ellipsoids
are 50% equiprobability envelopes, with hydro-
gens as spheres of arbitrary diameter.
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