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Metalloborophosphates provide access to new systems with micropo-
rous structures. The tetrahedral framework structures of zincoborophos-
phates display a close relationship to topolgies of the anionic partial struc-
tures in feldspars and gismondine. Find out more on the following pages.
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Materials based on aluminosilicate cage structures (e.g. the
zeolite family) have been studied for some time from various
standpoints in view of their potential applications as catalysts,
molecular sieves, and ion exchangers.[1] In the last few years
the interest in microporous and zeolite-analogous systems has
focused primarily on aluminum phosphates[2] and substituted
variants[3] as well as on zinco-,[4] beryllo-,[5] gallium/gallo-,[6]

and zincogallophosphates.[7] A microporous zincoborate[8] is
also known. In contrast, borophosphates have only recently
been studied systematically.[9] This is remarkable, since the
effect of the substitution of aluminum and/or silicon by boron
in zeolitic molecular sieves, such as in the boron/MFI-zeolite,
has long been known in technical processes.[10]

Our studies aimed at the systematic development of the
structural chemistry of the borophosphates[11] have led to a
broad spectrum of new compounds with quite different
anionic partial structures, such as oligomeric units,[12]

chains,[9, 13] ribbons,[14] layers,[15] and three-dimensional frame-
works.[16] In water-containing borophosphates with chain
structures and molar B:P ratios of >1, boron is both
tetrahedrally and trigonal-planar coordinated by oxygen.[11, 13]

With the synthesis of K[ZnBP2O8] and A[ZnBP2O8] (A�
NH4

�, Rb�, Cs�)[17] we have now succeeded in extending the
chemical diversity of compounds with tetrahedral framework
structures. The zincoborophosphates presented here contain
tetrahedral nets, whose topologies display a close relationship
to tecto-aluminosilicates (feldspar family and gismondine).

The characteristic basic units in the crystal structures of
K[ZnBP2O8] and A[ZnBP2O8] (A�NH4

�, Rb�, Cs�)[18] are
based on four-rings, which contain corner-sharing borate,
phosphate, and zincate tetrahedra. These occur in three
ordered variants (Figure 1, right): four-rings from two borate
and two phosphate tetrahedra, from two phosphate and two
zincate tetrahedra, or from one borate, one zincate, and two
phosphate tetrahedra; a linkage of borate and zincate
tetrahedra is avoided. All four-ring systems display, with

Figure 1. Topology, conformation, and linkage of tetrahderal four-ring
centers in zincoborophosphates. Right: Four-rings in the crystal structures
of K[ZnBP2O8] and A[ZnBP2O8] (A�NH4

�, Rb�, Cs�). Left: Crankshaft-
like four-ring ribbons that occur in both crystal structures. See text for
further details.

respect to the alignment of the vertices, the conformation
UUDD (up-up-down-down). Four-ring building blocks of this
general type are denoted as secondary building units (SBU)
and form the basis of the structural chemistry of a large group
of tecto-aluminosilicates, among which are the feldspars.[19]

Bond lengths and angles of the BO4, PO4, and ZnO4 groups in
the title compounds are similar to known values in zinco-
phosphates[4] and borophosphates.[20]

The linkage of the four-ring systems with each other leads in
an initial formal step to 4.82 nets,[21] from which the topology
of the networks can be derived. The complex framework in
the crystal structures of the isotypic compounds A[ZnBP2O8]
(A�NH4

�, Rb�, Cs�) contains a conformation pattern of the
4.82 nets, which is also present in gismondine (Ca[Al2Si2O8] ´

4H2O).[22] Here, only the four-rings Zn-P-Zn-P and P-B-P-B
participate in the formation of the nets, which are then linked
through zincate with phosphate and through borate with
phosphate tetrahedra, respectively. Four-rings with three

different tetrahedral centers Zn-P-B-P result from the linkage
of the nets with each other. Additional building units
resulting from this mode of linkage are crankshaft-like four-
ring ribbons, which run along [101] (Figure 1, left). Figure 2
shows the three-dimensional structural framework as exem-
plified by NH4[ZnBP2O8] as well as the characteristic 4.82 nets
with gismondine topology (IZA structure designation GIS).[23]

Along [101] the nets are linked with each other in an ABAB
sequence. The resulting network is evidently very flexible and
is realized in a large number of different compounds, such as
SAPO-43,[24] NaP-[25] and CaP-zeolites,[26] and zincogallophos-
phates (T)[ZnGaP2O8] (T�CN3H5 and C4NH9).[27] The mini-
mum/maximum opening areas of the eight-rings (distances
O ´´´ O) are 351/896 (NH4 phase), 308/885 (Rb phase), and
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Figure 2. Gismondine-analogous linkage of tetrahdral centers in the
crystal structure of NH4[ZnBP2O8]. Top: Topology of the framework
structure (view approximately along [101]). Bottom: 4.82 nets. See text for
further details.

313/891 pm (Cs phase). Rb� and Cs� ions in the cavities are
surrounded by seven oxygen atoms, giving rise to irregular
polyhedra. In the crystal structure of the ammonium com-
pound hydrogen bonds NÿH ´´´ O (N ´´´ O 288 ± 307 pm) fix
the complex cation to the oxygen sites of adjacent tetrahedra.
The tetrahedral network density (framework density (FD):
number of tetrahedrally coordinated atoms in a volume of
1000 �3)[28] of the isotypic compounds lies in the range
between 21.4 and 22.8, and thus resembles the framework
density of cristobalite (23.0).[29] Difference thermoanalytical/
thermogravimetric studies (Netzsch STA 409EP, heating rate
5 K minÿ1, open system in air) indicate a remarkable thermal
stability of the compounds: 480 8C (NH4[ZnBP2O8]), 850 8C
(Rb[ZnBP2O8]), and 940 8C (Cs[ZnBP2O8]).

The crystal structure of K[ZnBP2O8] can be described
starting from 4.82 nets with feldspar topology. As in the
previously discussed compounds these nets from four-rings

Zn-P-Zn-P and P-B-P-B are formally used for the framework
construction. Figure 3 shows the three-dimensional frame-
work of K[ZnBP2O8] as well as the characteristic 4.82 nets with
feldspar topology, whose elliptical eight-ring systems are built
from four phosphate, two borate, and two zincate tetrahedra.
The linkage of the nets along [001] corresponds to the
sequence AAÅ AAÅ , where AÅ is the symbol for an inverted net.
The special nature of the linkage leads to eight-ring channels,
in which the potassium ions are irregularly surrounded by
eight or ten oxygen neighbors. Also in this case crankshaft-
like four-ring ribbons result, which run along [001] (Figure 1,

Figure 3. The crystal structure of K[ZnBP2O8]. Top: Topology of the
framework structure (linkage of the tetrahedral centers). Bottom: feldspar-
analogous 4.82 nets. See text for further details.

left). The network linkage AAÅ AAÅ is new. In the feldspar
family (e.g. anorthite (Ca[Al2Si2O8]))[30] the 4.82 nets are
linked according to an ABAB pattern. The minimum/
maximum opening area of the elliptical eight-rings of
K[ZnBP2O8] (distances O ´´´ O) is 296/930 pm. The tetrahe-
dral network density (see above) of K[ZnBP2O8] is 23.6. The
compound is thermally stable up to 822 8C.

Based on the compounds presented it becomes clear that
with metalloborophosphates anionic partial structures can be
realized, which open the door to real microporous systems.
Also of significance is that the elements participating in the
anionic structures are distributed in an ordered fashion. The
next generations of this class of compounds will probably
contain redox-active transition metals. In addition the possi-
bility of integrating three-coordinate boron in the anionic
partial structures should be kept in mind.
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