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The hydrothermal synthesis and single crystal XRD charac-
terization of a three-dimensional open-framework tin(II)
phosphonopropionate oxalate, Sn4(O3PCH2CH2CO2)2-
(C2O4), is described; the structure contains two different
bifunctional linkers as well as SnO3 and SnO4 polyhedra
each with a stereochemically active lone pair of electrons,
and exhibits several types of channels.

Hybrid open-framework materials that contain both organic and
inorganic moieties provide an attractive field of research due to
their composite properties and the possibility of tuning the
chemistry of such solids.1 The potential of these hybrid
materials lies in their use, for example, as sorbents, ion
exchangers, catalysts or for charge storage. Striking examples
are the silicon- and metal-oxide mesostructures, which are
formed with the aid of organic surfactants.2 The field of
microporous hybrid materials is also of great interest and the use
of bifunctional anionic units, for example diphosphonates
([O3P–R–PO3]42),3 aminophosphonates ([O3P–R–NH2]22),4
or phosphonocarboxylates ([O3P–R–CO2]32), has led to new
materials. These contain a PO3/(NH2/CO2)/metal–inorganic
core separated by tunable organic units (R = alkyl, aryl) bound
to the phosphonate and/or the carboxylate or amino group.
Whereas the chemistry of metal phosphonates has been
investigated in detail5 and led to a large number of interesting
materials, only a few metal phosphonocaboxylates have been
reported. Thus, the phosphonocarboxylates of the following
metals are known: Al,6 Ga,7 Pb,8 Bi,9 Zn,10 Cu,11 Co,12 V,13

Fe,14 Zr,15 Mn,16 Pr.17 On the other hand, open-framework
metal phosphate oxalates and phosphonato oxalates have been
recently reported which contain two kinds of anionic moieties
(linkers) connecting the metal ions; for example, materials with
Al, Sn or Fe as cations have been described.18 Here, we describe
the synthesis and characterization of the open-framework tin
phosphonopropionate oxalate, Sn4(O3PCH2CH2CO2)2(C2O4),
which contains two different bifunctional linkers: the organic–
inorganic hybrid ion, (O3PCH2CH2CO2)32, and the oxalate ion,
C2O4

22.
The compound Sn4(O3PCH2CH2CO2)2(C2O4) was synthe-

sized hydrothermally by reacting phosphonopropionic acid with
tin oxalate in water.19 The single crystal structure20 was solved
by direct methods and refined using the SHELXTL software.21

The asymmetric unit contains 14 non-hydrogen atoms and is
shown in Fig. 1(a). The structure of Sn4(O3PCH2CH2-
CO2)2(C2O4) consists of two crystallographically independent
tin atoms having two different coordination geometries: Y-
tetrahedral SnO3 and Y-square pyramidal SnO4 (the lone pair
occupying the fourth and fifth coordination sites, respectively).
These as well as the Sn–O bond lengths are shown in Fig. 1(b).
All O-atoms of the phosphonate as well as the carboxylate
group are coordinated to the Sn2+ ions. As can be seen from Fig.
2, each of the five oxygen atoms of the (O3PCH2CH2CO2)32

ion is coordinating to one of the Sn2+ ions, thus being
monodentate. The C2O4

22 ion acts simultaneously as a
chelating as well as a bridging unit, connecting exclusively the
tin ions, Sn2.

The complex connectivities give rise to an interesting open-
framework structure which can be described as follows. Layers
of Sn/O/P and C involving only the phosphonopropionate and
Sn2+ ions are formed by connecting the three- and four-
coordinated tin atoms through the phosphonate and the
carboxylate groups of the (O3PCH2CH2CO2)32 ion (Fig. 3).
The connection of these layers through the alkyl group,
CH2CH2, leads to a double layered arrangement reminiscent of
pillared materials. The three-dimensional network is achieved
via the coordination of the C2O4

22 ions, which connect the
double layers. This arrangement leads to the formation of
several narrow channels into some of which the Sn(II) lone pairs
are pointing (Figs. 3 and 4). Two kinds of distinct channels are
found along [001], as well as along [100], due to the alternating
sequence of oxalate and phosphonopropionate ions, and they
should differ extensively in their hydrophilic properties.
Interestingly, in contrast to many open framework structures,
there is no structure-directing agent present in the compound.

Fig. 1 (a) Asymmetric unit of Sn4(O3PCH2CH2CO2)2(C2O4). (b) Tin atoms
having three- and four-coordination geometries.

Fig. 2 Coordination behavior of the oxalate ion (a) and the phosphonopro-
pionate ion (b) in Sn4(O3PCH2CH2CO2)2(C2O4).
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One way to explain this could be the constrained geometry of
the SnO polyhedra due to the lone pairs of electrons. But, since
the lone pairs occupy the space in the channels we do not expect
the compound to be microporous.

The three-coordinated tin (Sn1) has two oxygens (O1 and
O2) from two –PO3 groups and one oxygen (O5) from a
–CH2CO2 group, thus connecting three phosphonopropionate
ions. The four-coordinated tin (Sn2) is surrounded by the third
oxygen of the –PO3 group (O3), the other oxygen of the
–CH2CO2 group (O4) and the two oxygens of the oxalate ion
(O6 and O7), thereby connecting two phosphonopropionate
ions and one oxalate ion. Thus, all oxygen atoms of the
phosphonopropionate and the oxalate ions are involved in the
coordination of the Sn2+ ions. The Sn–O bond lengths vary from
210.6(3) to 243.5(3) pm, with the shortest bonds [210.6(3),
210.6(3), 207.4(3) pm] from oxygens of the –PO3 group and the
longer bonds [221.4(3)–243.5(3) pm] from the –CO2 groups.
These values are consistent with those reported in other Sn(II)
compounds.18 The phosphorus atom is tetrahedrally surrounded
by three oxygen [152.9(3)–153.7(3) pm] and one carbon atom
[178.7(4) pm]. These values agree well with those found in
other metal phosphonates.

The IR spectrum of Sn4(O3PCH2CH2CO2)2(C2O4) clearly
shows the presence of the carboxylic group (1514, 1403 cm21),
the CH2 group (2924, 2856 cm21), and the phosphonate group
(900–1100cm21); the vibrations of the oxalate ion at 1644,

1632, 1430 and 1310 cm21 are in good agreement with
previously reported values.
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Fig. 3 Three-dimensional structure of Sn4(O3PCH2CH2CO2)2(C2O4) show-
ing channels along [100].

Fig. 4 Three-dimensional structure of Sn4(O3PCH2CH2CO2)2(C2O4) show-
ing channels along [001].
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