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A Germanate Built from a 6°12° Cavity Cotemplated by an (H,0),,

Cluster and 2-Methylpiperazine**
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Junliang Sun, Xiaodong Zou,* Guanghua Li, Jihong Yu,* and Ruren Xu

Zeolites and other open-framework oxide materials are
interesting because of their catalytic, adsorption, and ion-
exchange properties. The pore size and shape of an open-
framework material determine its application. An important
challenge is to design open-framework oxides with large
pores. One approach to constructing open-framework mate-
rials with large or extra-large pores is to use large building
units, a concept named “scale chemistry”.'! An example of a
material constructed by such an approach is the germanate
SU-M, which is built from Ge(X,5 (X=0, OH, F) clusters
and which contains 30-ring gyroidal channels and cavities
larger than 20 A.?% Thus, it is important to identify large
structural motifs as possible building units and to establish a
synthesis route that will produce such building units. Recently,
much attention has been paid to the synthesis of open-
framework germanates.[z‘” Germaniun can be four-, five-, or
six-coordinated to form large clusters, such as Ge,;Xo
(Ge;),P3 GegXyy (Geg), Y GegXogy (Geo; m=0-1),2
and GeXys (Ge,)?*% (X =0, OH, F). The Ge, cluster is of
particular interest, as it is found in the 1D tubular germanate
JLG-4 (12-rings),”¥ in the 2D layered germanates ASU-19
and ASU-20,P as well as in 3D frameworks with large or
extra-large pores,>** such as ASU-12 (16-rings),* ASU-16
(24-rings),*! and the silicogermanate SU-12 (24-rings).l*!
Examples of Ge; clusters forming large polyhedra (0D
objects) remain to be discovered. Herein, we present a
tubular germanate, [(CsN,H;,).(CsN,H;5)(H,0),][Ge,O0,-
0.,,(OH)F,][Ge;0,,05,(OH)F],[GeO,,(OH),] (denoted
JLG-5), with 12-ring channels built from 6%12° cavities. JLG-
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5 was obtained by hydro(solvo)thermal synthesis and was
cotemplated by 2-methylpiperazine and an (H,0);c cluster.
The highly symmetric 6°12° cavity, built from Ge; clusters, is
stabilized by an (H,O),, cluster. This 6%12° cavity is the second
largest and highest symmetry cavity found in pure germanates
as yet.

JLG-5 crystallizes in the P4/mnc space group with a=
29.0706(6) and ¢ =22.6849(6) A. The structure is built from
two unique Ge; clusters and one unique additional tetrahe-
dron. The Ge, clusters each consist of one germanium-
centered octahedron, two germanium-centered trigonal
bipyramids, and four germanium-centered tetrahedra.
Twelve Ge, clusters are linked together to form a 6%12°
cavity containing eight 6-ring and six 12-ring windows
(formula [GegO,6X55]*", X=O0H, F; Figure 1). The 6°12°

Figure 1. The 6%12° cavity, built from 12 Ge, clusters, viewed along

a) the [001] and b) the [170] directions. The point symmetry of the
6%12° cavity is 4/m (C,;). The germanium-centered octahedra are red,
the germanium-centered trigonal bipyramids are yellow, and the
germanium-centered tetrahedra are green.

cavity in JLG-5 has the point symmetry 4/m (C,,). As the
maximum point symmetry of the 6%12° cavity is m3m (O,,), the
6%12° cavity represents the most symmetric cavity found in a
pure germanate. The free diameters of the 12-ring windows
are 3.8x 3.8 and 3.8 x4.5 A2, and those of the 6°12° cavity are
6.4x7.0x7.0 A% The 6%12° cavity represents the second
largest cavity found in a pure germanate, in comparison
with the cavity found in SU-M with free diameters of 10.0 x
22.4 A2l

The 6%12° cavities are arranged in a body-centered manner
with their 12-ring windows aligned on top of each other
(Figure 2a). They are further linked along the c axis by
additional GeO,(OH), tetrahedra to form tubes containing
12-ring channels (Figure 2b). The tubes are aligned in parallel
to the c axis and are held together through diprotonated 2-
methylpiperazine cations via hydrogen bonding (Figure 2b).
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Figure 2. The structure of JLG-5 viewed along a) the [001] and b) the
[170] directions. The 6%12° cavities are packed in a body-centered
manner, with the 12-ring windows aligned along the three main axes.
The 6%12° cavities are connected through additional germanium-
centered tetrahedra (blue) along the ¢ axis to form 12-ring tubes. The
tubes are held together by 2-methylpiperazine cations (C gray, N blue)
via hydrogen bonding. Within the Ge; clusters, the germanium-
centered octahedra are red, the germanium-centered trigonal bipyra-
mids are yellow, and the germanium-centered tetrahedra are green. For
clarity, only one unique 2-methylpiperazine cation is shown in (b), and
the water cluster is omitted.

Inorganic tubular structures reminiscent of carbon nanotubes
are of interest,?®® and JLG-5 is the second germanate found
to have a tubular structure. The first tubular germanate
observed, JLG-4, is also built from Ge; clusters and contains
12-ring channels.’!
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JLG-5 presents a remarkable feature: each 6°12° cavity
encapsulates a unique hydrogen-bonded (H,O),s cluster,
which stabilizes the cavity (Figure 3). A similar protonated
(H;04)°" cluster has been observed in a zeolite A-like

Figure 3. a) The 6%12° cavity viewed down the c axis, showing hydrogen
bonding within the cube-like (H,0);s cluster (thick lines; O pink) as
well as between the water cluster and the 6%12° cavity (thin lines). The
germanium-centered octahedra are red, the germanium-centered trigo-
nal bipyramids are yellow, and the germanium-centered tetrahedra are
green. b) A complete view of the hydrogen-bonding pattern formed by
the cube-like (H,0);¢ cluster inside the 6812° cavity. For clarity, only the
germanium-centered octahedra (Ge green, O red) of the Ge; clusters
are shown in (b). No hydrogen atoms are shown.

silicate, [{N(n-C,H,),JH,(H,0)s3][SigO,], synthesized at
room temperature, which has a pseudo-3D framework
composed of hydrogen-bonded double-four-ring SizO,, clus-
ters.”) In JLG-5, each (H,0);, cluster is constituted of eight
Ow1 atoms linked through hydrogen bonding to form a cube-
like (H,O)q cluster, with Ow1---Ow1 distances of 2.649 and
2.804 A. Each Owl atom then further connects to an Ow2
atom via hydrogen bonding (Ow1--Ow2 2.754 A), leading to
the overall formation of a unique eight-clawed cube-like
(H,0)¢ cluster. A second level of extensive hydrogen-
bonding interactions involving the (H,0);¢ cluster and the
Ge;, clusters of the 6°12° cavity is also observed (Figure 3).
Each Ow1 atom is hydrogen-bonded to two Ge; clusters, and
each Ow2 atom is hydrogen-bonded to three Ge, clusters. The
(H,0),4 cluster has a point symmetry of 4/mmm (D,;,), and we
believe that the (H,0);, cluster plays an important templating
or structure-directing role in the formation of the 6°12° cavity.
A similar templating or structure-directing role was played by
water aggregates in the formation of MIL-74,
[{N(CH,CH,NH,)3}3s(H,0)3,][ZnsAl,P,,04], in which each
sodalite cage encapsulates an (H,0),, cluster,'® and in the
formation of the aluminophosphate molecular sieve VPI-5, in
which a triple helix of hydrogen-bonded water molecules is
located inside an 18-ring channel.'”"!

There are four unique 2-methylpiperazine molecules in
JLG-5, and they also play an important structure-directing
role (see Figures S1 and S2 in the Supporting Information).
One 2-methylpiperazine molecule is located at the 12-ring
window, perpendicular to the a or b axis, and holds four Ge,
clusters together. Another 2-methylpiperazine molecule is
located at the 10-ring window between two 6°12° cavities and
is hydrogen-bonded to Ge; clusters and additional tetrahedra.
The third 2-methylpiperazine molecule is located between the
tubes and holds adjacent tubes together via hydrogen bonding
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(Figure 2b). The fourth 2-methylpiperazine molecule is
located between two 6-rings from two adjacent tubes and
only interacts weakly with the tubes.

The 6%12° cavity can be easily identified as a cuboctahe-
dron (Figure 4a and b) with each of its 12 vertices decorated
by a four-coordinated Ge, cluster (Figure 4c). In JLG-5, the
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Figure 4. Abstraction of the 6%12° cavity and a hypothetical 3D frame-
work built from the cavity. a) A cuboctahedron. b) Augmented cubocta-
hedron with four-coordinated nodes (gray). c) The 6°12° cavity result-
ing from the decoration of each node of the cuboctahedron by a four-
coordinated Ge; cluster. d) Augmented reo-e net with six-coordinated
nodes (violet). e) A hypothetical 3D framework resulting from the
decoration of each node of the reo-e net by a six-coordinated Ge,
cluster. f) The rhombicuboctahedron found in (e). g) Augmented
rhombicuboctahedron with six-coordinated nodes (violet). h) A
6%10'%12° cavity resulting from the decoration of each node of the
rhombicuboctahedron with a six-coordinated Ge; cluster. The yellow
and blue spheres represent the 6812° and 6°10'212° cavities with free
diameters of 7.1 and 17.8 A, respectively. The germanium-centered
octahedra are red, the germanium-centered trigonal bipyramids are
yellow, and the germanium-centered tetrahedra are green. The addi-
tional germanium-centered tetrahedra are blue.

cuboctahedra are two-coordinated in one dimension to form
tubes. We, therefore, expect that the 6%12° cavity can be
further used as a building unit to build 3D framework
structures with extra-large pores. The reo-e net corresponds
to the primitive cubic packing of six-coordinated cuboctahe-
dra (Figure 4d)." If each vertex of the reo-e net is decorated
by a six-coordinated Ge; cluster, a new, hypothetical 3D
germanate framework (Pm3m, a=22.9078 A) with two types
of cavities, the 6%12° cavity and a 6°10°12'? supercavity, is
formed (Figure 4e). The 6°10°12'% supercavity has a free
diameter of 17.8 A and corresponds to a rhombicuboctahe-

www.angewandte.org

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

dron (rco; Figure4f and g) decorated by Ge; clusters
(Figure 4h). The 6°12° cavities themselves adopt a primitive
cubic arrangement. Each 6°12° cavity is connected to six other
cavities by linking their six 12-rings through additional
germanium-centered tetrahedra, in a similar way as in JLG-
5. The arrangement of the 6%12° cavities in the hypothetical
structure is similar to that of the f cages (4%°) in zeolite A,
which results in a cavities (4'%6°8°).

In summary, we have discovered a large cubic building
unit consisting of a 6%12° cavity formed by 12 Ge, clusters. A
tubular germanate JLG-5 with 12-ring channels has been
obtained by hydro(solvo)thermal synthesis. Notably, a unique
hydrogen-bonded (H,0)s cluster is present in each 6°12°
cavity and possibly supports the formation of the cavity.
This work provides a remarkable example of the templating
role played by (H,O), clusters in the synthesis of open-
framework materials. We believe that more exotic germanate
structures can be formed by using inorganic building units
such as the Ge; cluster or cavities built from the Ge; cluster. It
is important to understand the formation of the building units
and to be able to control the packing of such building units.
One challenge would be to obtain a 3D germanate framework
containing both the 6%12° cavity and the even larger super-
cavity 6°10°12" with a free-diameter of 17.8 A, as proposed
herein.

Experimental Section

Synthesis and characterization: JLG-5 was synthesized under hydro-
(solvo)thermal conditions with pyridine and H,O as the solvents.
Typically, GeO, (0.156 g) was dispersed in a mixture of H,O (1.5 mL)
and pyridine (5 mL) with constant stirring. Then, 2-methylpiperazine
(0.7 g) and HF (40 wt%, 0.12 mL) were added to this mixture. A
homogeneous gel with a composition of GeO,/H,O/pyridine/2-
methylpiperazine/HF in a molar ratio of 1:58.6:43.2:4.7:1.6 was
formed after stirring for about 2 h. The gel was finally transferred
to a 15-mL teflon-lined stainless-steel autoclave and heated at 160°C
for 5-6 days under static conditions. JLG-5 could be prepared in the
composition range of (0.7-1.3) GeO,:58.6 H,0:43.2 pyridine:(4-5.3)
2-methylpiperazine:1.6 HE. Colorless rod-shaped single crystals of
JLG-5 were separated by filtration, washed with distilled water and
acetone, and finally protected from desolvation.

Powder X-ray diffraction was performed on a PANalytical X'Pert
Pro Alpha-1 equipped with a PIXcel detector (see Figure S3 in the
Supporting Information). Inductively coupled plasma analyses were
performed on a Perkin—-Elmer Optima 3300DV spectrometer (calcd
(Wwt%): Ge 52.46; found: Ge 51.52). Elemental analyses were
conducted on a Perkin-Elmer 2400 elemental analyzer (calcd
(Wt%): C 9.86, H 2.72, N 4.60; found: C 9.81, H 2.99, N 4.40).
Fluorine analysis was conducted with a fluoride-ion selective
electrode (caled (wt%): F 2.50; found: 2.45). A Perkin—-Elmer TGA
7 unit was used for thermogravimetric analysis in air with a heating
rate of 20°Cmin~". A total weight loss of 25.89% was detected
between 40 and 800°C, which corresponds to the loss of free water,
the decomposition of occluded 2-methylpiperazine, and the release of
terminal hydroxy groups and fluorine atoms in the form of H,O and
HF, respectively (caled 24.41%; see Figure S4 in the Supporting
Information).

A suitable single crystal of JLG-5 with dimensions of 0.21 x 0.02 x
0.01 mm® was selected for single-crystal X-ray diffraction. Single-
crystal X-ray diffraction data were collected at 100 K on an Xcalibur 3
diffractometer equipped with a Sapphire CCD camera and using
graphite-monochromated MoK, radiation (4 =0.71073 A). The data
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were reduced with the CrysAlis software package. The structure of
JLG-5 was solved by direct methods and refined on F? by full-matrix
least squares using SHELX97. All germanium, fluorine, oxygen,
carbon, and nitrogen atoms were located. Fluorine and oxygen atoms
were distinguished by their atomic displacement parameters. Two of
the three unique fluorine atoms (F2 and F3) are terminal atoms in the
octahedra of the two unique Ge, clusters and are hydrogen-bonded to
the water clusters within the cavity. The other fluorine atom (F1) acts
as the terminal atom in one of the trigonal bipyramids. Three of the
four unique 2-methylpiperazine are disordered, each with two
possible orientations. No hydrogen atoms were added. Experimental
details concerning the structure determination are presented in
Table S1 in the Supporting Information. The atomic coordinates are
presented in Table S2 in the Supporting Information.

Crystal data for JLG-5: M,=3043.99, tetragonal, P4/mnc (no.
176), a=29.0706(6), c =22.6849(6) A, V=19171.0(8) A>, Z=8, u=
6.879 mm ™', peq =2.077 gem 3, 146053 reflections measured, 3885
unique (Rint =0.1446). The final R1 (I >20(I)) was 0.0507, and the
final wR, (all data) was 0.1406. CCDC-681515 (JLG-5) contains the
supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif. The 3D structure
model with the supercavity 6°10°12'? was geometrically built from the
6°12° cavity in JLG-5 packed in a primitive cubic lattice and was
finally geometry optimized by the Forcite module in Materials Studio.

Received: March 21, 2008
Revised: May 13, 2008
Published online: August 26, 2008

Keywords: cluster compounds - germanates - hydrogen bonds -
solvothermal synthesis - tubular structures

[1] a) M. O’Keeffe, M. Eddaoudi, H. Li, T. Reineke, O. M. Yaghi, J.
Solid State Chem. 2000, 152, 3; b) G. Férey, J. Solid State Chem.
2000, 7152, 37; ¢) G. Férey, C. Mellot-Draznieks, T. Loiseu, Solid
State Sci. 2003, 5, 79.

[2] a) X. D. Zou, T. Conradsson, M. Klingstedt, M. S. Dadachov, M.
O’Keeffe, Nature 2005, 437, 716; b) L. A. Villaescusa, P. S.
Wheatley, R. E. Morris, P. Lightfoot, Dalton Trans. 2004, 820;
c) K. E. Christensen, L. Shi, T. Conradsson, T. Ren, M.S.
Dadachov, X. D. Zou, J. Am. Chem. Soc. 2006, 128, 14238; d) L.
Beitone, T. Loiseau, G. Férey, Inorg. Chem. 2002, 41, 3962.

[3] a) H. Li, M. Eddaoudi, D. A. Richardson, O. M. Yaghi, J. Am.
Chem. Soc. 1998, 120, 8567; b) J. Plévert, T. M. Gentz, A. Laine,
V. G. Young, O. M. Yaghi, M. O’Keefte, J. Am. Chem. Soc. 2001,
123,12706; c) L. Tang, M. S. Dadachov, X. D. Zou, Chem. Mater.

Angewandte

2005, 17,2530; d) Q. Pan, J. Li, X. Ren, Z. Wang, G. Li, J. Yu, R.
Xu, Chem. Mater. 2008, 20, 370; e) J. Plévert, T. M. Gentz, T. L.
Groy, M. O’Keeffe, O. M. Yaghi, Chem. Mater. 2003, 15, 714;
f) H. Zhang, J. Zhang, S. Zheng, G. Yang, Inorg. Chem. 2003, 42,
6595; ¢) G. Liu, H. Zhang, Z. Lin, S. Zheng, J. Zhang, J. Zhao, G.
Wang, G. Yang, Chem. Asian J. 2007, 2, 1230.
[4] a) H. Li, O. M. Yaghi, J. Am. Chem. Soc. 1998, 120, 10569; b) T.
Conradsson, M. S. Dadachov, X. D. Zou, Microporous Mesopo-
rous Mater. 2000, 41, 183; c) M. E. Medina, M. Iglesias, M. A.
Monge, E. Gutiérrez-Puebla, Chem. Commun. 2001, 2548;
d)L. A. Villaescusa, P. Lightfoot, R.E. Morris, Chem.
Commun. 2002, 2220.
a) Y. Zhou, H. Zhu, Z. Chen, M. Chen, Y. Xu, H. Zhang, D. Y.
Zhao, Angew. Chem. 2001, 113, 2224; Angew. Chem. Int. Ed.
2001, 40, 2166; b) M. P. Attfield, Y. Al-Ebini, R. G. Pritchard,
E. M. Andrews, R. J. Charlesworth, W. Huang, B. J. Masheder,
D. S. Royal, Chem. Mater. 2007, 19, 316; c¢) H. Li, M. Eddaoudi,
O. M. Yaghi, Angew. Chem. 1999, 111, 682; Angew. Chem. Int.
Ed. 1999, 38, 653; d) X. Bu, P. Feng, G. D. Stucky, Chem. Mater.
2000, 12, 1505; e) K. Sun, M. S. Dadachov, T. Conradsson, X. D.
Zou, Acta Crystallogr Sect. C 2000, 56, 1092.
a) M. E. Medina, E. Gutiérrez-Puebla, M. A. Monge, N. Snejko,
Chem. Commun. 2004, 2868; b) K. E. Christensen, C. Bonneau,
M. Gustafsson, L. Shi, J.-L. Sun, J. Grins, K. Jansson, I. Sbille, B.-
L. Su, X. D. Zou, J. Am. Chem. Soc. 2008, 130, 3758.
a) J. Cheng, R. Xu, G. Yang, J. Chem. Soc. Dalton Trans. 1991,
1537; b) R. H. Jones, J. Cheng, J. M. Thomas, A. George, M. B.
Hursthouse, R. Xu, S. Li, Y. Lu, G. Yang, Chem. Mater. 1992, 4,
808;c) T. E. Gier, X. Bu, P. Feng, G. D. Stucky, Nature 1998, 395,
154; d) C. Cascales, E. Gutiérrez-Puebla, M. A. Monge, C. Ruiz-
Valero, Angew. Chem. 1998, 110, 135; Angew. Chem. Int. Ed.
1998, 37, 129; e) A. Corma, F. Rey, S. Valencia, J. Jord4, J. Rius,
Nat. Mater. 2003, 2, 493; f) G. Liu, S. Zheng, G. Yang, Angew.
Chem. 2007, 119, 2885; Angew. Chem. Int. Ed. 2007, 46, 2827.
[8] a)J. Le Bideau, C. Payen, P. Palvadeau, B. Bujoli, Inorg. Chem.
1994, 33, 4885; b) K. Maeda, J. Akimoto, Y. Kiyozumi, F.
Mizukami, Angew. Chem. 1995, 107, 1313; Angew. Chem. Int.
Ed. Engl. 1995, 34, 1199; c¢) M. D. Poojary, D. Grohol, A.
Clearfield, Angew. Chem. 1995, 107, 1650; Angew. Chem. Int.
Ed. Engl. 1995, 34, 1508; d) D. Grohol, A. Clearfield, J. Am.
Chem. Soc. 1997, 119, 9301; ¢) W. Yang, C. Lu, Inorg. Chem.
2002, 41, 5638.
[9] G. Bissert, F. Liebau, Z. Kristallogr. 1987, 179, 357.
[10] a) M. Henry, F. Taulelle, T. Loiseau, L. Beitone, G. Férey, Chem.
Eur. J. 2004, 10,1366; b) L. B. McCusker, C. Baerlocher, E. Jahn,
M. Biilow, Zeolites 1991, 11, 308.
[11] See the Reticular Chemistry Structural Resource (RCSR)
homepage at http://rcsr.anu.edu.au/.

[5

—

6

[t}

[7

—

Angew. Chem. Int. Ed. 2008, 47, 78687871

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.org

Chemie

781


http://dx.doi.org/10.1006/jssc.2000.8723
http://dx.doi.org/10.1006/jssc.2000.8723
http://dx.doi.org/10.1006/jssc.2000.8723
http://dx.doi.org/10.1038/nature04097
http://dx.doi.org/10.1039/b314942k
http://dx.doi.org/10.1021/ja065403z
http://dx.doi.org/10.1021/ic020193m
http://dx.doi.org/10.1021/ja9813919
http://dx.doi.org/10.1021/ja9813919
http://dx.doi.org/10.1021/cm049373f
http://dx.doi.org/10.1021/cm049373f
http://dx.doi.org/10.1021/cm702439v
http://dx.doi.org/10.1021/ic034645m
http://dx.doi.org/10.1021/ic034645m
http://dx.doi.org/10.1002/asia.200700135
http://dx.doi.org/10.1021/ja982384n
http://dx.doi.org/10.1016/S1387-1811(00)00288-2
http://dx.doi.org/10.1016/S1387-1811(00)00288-2
http://dx.doi.org/10.1039/b106671b
http://dx.doi.org/10.1039/b207374a
http://dx.doi.org/10.1039/b207374a
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2224::AID-ANGE2224%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2166::AID-ANIE2166%3E3.0.CO;2-C
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2166::AID-ANIE2166%3E3.0.CO;2-C
http://dx.doi.org/10.1021/cm062241x
http://dx.doi.org/10.1002/(SICI)1521-3757(19990301)111:5%3C682::AID-ANGE682%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1521-3773(19990301)38:5%3C653::AID-ANIE653%3E3.0.CO;2-C
http://dx.doi.org/10.1002/(SICI)1521-3773(19990301)38:5%3C653::AID-ANIE653%3E3.0.CO;2-C
http://dx.doi.org/10.1021/cm001023f
http://dx.doi.org/10.1021/cm001023f
http://dx.doi.org/10.1107/S0108270100009057
http://dx.doi.org/10.1039/b409668a
http://dx.doi.org/10.1021/ja8002556
http://dx.doi.org/10.1039/dt9910001537
http://dx.doi.org/10.1039/dt9910001537
http://dx.doi.org/10.1021/cm00022a012
http://dx.doi.org/10.1021/cm00022a012
http://dx.doi.org/10.1038/25960
http://dx.doi.org/10.1038/25960
http://dx.doi.org/10.1002/(SICI)1521-3757(19980116)110:1/2%3C135::AID-ANGE135%3E3.0.CO;2-%23
http://dx.doi.org/10.1002/(SICI)1521-3773(19980202)37:1/2%3C129::AID-ANIE129%3E3.0.CO;2-T
http://dx.doi.org/10.1002/(SICI)1521-3773(19980202)37:1/2%3C129::AID-ANIE129%3E3.0.CO;2-T
http://dx.doi.org/10.1038/nmat921
http://dx.doi.org/10.1002/ange.200604921
http://dx.doi.org/10.1002/ange.200604921
http://dx.doi.org/10.1002/anie.200604921
http://dx.doi.org/10.1021/ic00100a011
http://dx.doi.org/10.1021/ic00100a011
http://dx.doi.org/10.1002/ange.19951071109
http://dx.doi.org/10.1002/anie.199511991
http://dx.doi.org/10.1002/anie.199511991
http://dx.doi.org/10.1002/ange.19951071342
http://dx.doi.org/10.1002/anie.199515081
http://dx.doi.org/10.1002/anie.199515081
http://dx.doi.org/10.1021/ja972181j
http://dx.doi.org/10.1021/ja972181j
http://dx.doi.org/10.1021/ic0257874
http://dx.doi.org/10.1021/ic0257874
http://dx.doi.org/10.1002/chem.200305143
http://dx.doi.org/10.1002/chem.200305143
http://dx.doi.org/10.1016/0144-2449(91)80292-8
http://www.angewandte.org

