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Abstract

A novel cadmium and magnesium phosphonate compound Mg0.5Cd[O3PCH(OH)CO2] (1) has been synthesized by hydrothermal
reaction at 110 �C and characterized by single-crystal X-ray diffraction as well as with infrared spectroscopy, elemental analysis and ther-
mogravimetric analysis. The structure of 1 comprises CdO6 octahedra and MgO6 octahedra connected by [O3PCH(OH)CO2]3� to form
3D framework with one-dimensional channel system in the a-axis direction.
� 2006 Elsevier B.V. All rights reserved.
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Metal phosphonates have received a great deal of atten-
tion in recent years due to the possibility to form interest-
ing structures with potential applications in the areas of
catalysis, ion exchange, proton conductivity, intercalation
chemistry, photochemistry and materials chemistry [1–4].
Great efforts have been devoted to the synthesis of novel
inorganic–organic hybrid materials based on metal phos-
phonates, which exhibit a variety of structures such as
one-dimensional (1D) chain, two-dimensional (2D) layer,
and three-dimensional (3D) network [5–7]. The use of bi-
and trifunctional phosphonic acids in the synthesis of metal
phosphonates can result in the formation of porous mate-
rials. During the past few years, several strategies have
been adopted for functionalizing phosphonates, including
adding a second unique functional group such as an amine,
hydroxyl or carboxylic acid [8–15].
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In the point of view of structural construction of inor-
ganic–organic hybrid compounds, phosphonic acids with
hydroxyl and carboxyl groups are useful ligands, because
they could together provide various kinds of coordination
modes under different reaction conditions which may result
in various interesting structures. Therefore, we are inter-
ested in the use of 2-hydroxyphosphonoacetic acid (H3L)
with a chiral carbon atom and three functional groups
(AOH, ACOOH, and APO3H2) in the synthesis of new
metal phosphonates, with the goal of obtaining 3D channel
structures. In this paper, we report the synthesis [16] of a
novel 3D open-framework coordination compound,
Mg0.5Cd[O3PCH(OH)CO2] (1) by hydrothermal technique,
using 2-hydroxyphosphonoacetic acid as ligand. The com-
pound structure was characterized by single-crystal X-ray
diffraction [17], infrared spectroscopy, elemental analysis
and thermogravimetric analysis.

A single-crystal X-ray structure analysis of 1 revealed
that compound Mg0.5Cd[O3PCH(OH)CO2] crystallizes in
monoclinic space group P2(1)/n. The asymmetric unit is
shown in the Fig. 1.
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Fig. 1. ORTEP view of the coordination geometries of cadmium,
magnesium and phosphorus of 1, showing the asymmetric unit (ellipsoids
at 50% probability). All H atoms were omitted for clarity. Symmetry code
for the generated atoms: (A) �x + 1, �y, �z + 1; (B) 2x � 1/2, �y + 1/2,
z � 1/2; and (C) �x, �y, �z + 1.

Fig. 2. A ball-and-stick and polyhedral representation of the framework
structure of 1 in the bc-plane.

Fig. 3. View of the 3D framework structure of 1 along the a-axis.
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It consists of one Cd atom, one L3� ligand and one Mg
atom of which occupancy is 0.5. The Cd(II) atom has a dis-
torted octahedral environment. Three of the six coordina-
tion sites are filled with three phosphonate oxygen atoms
(O4, O4A, O5C) from three separate L3� ligands. The
remaining sites are occupied by the hydroxyl oxygen atom
(O1A) and the two carboxylate oxygen atoms (O3, O2B).
The CdAO distance ranges from 2.252(3) to 2.362(3) Å,
in agreement with those reported for other Cd(II) phospho-
nates Cd(O3PC2H4NH2) [18], Cd2(O3PCH2C6H4CH2-

PO3) Æ 2H2O [19] and Cd2(OH)(O3PC2H4CO2) [20]. It is
noted that the CdAO (hydroxyl oxygen) distance
(2.362 Å) is much longer than the other CdAO distances
in compound 1 (2.252(3)–2.307(3) Å), attributed to the
presence of the hydroxyl proton. A long CdAO (hydroxyl
oxygen) distance is also observed in Cd(O3PC2H4NH2)
(2.516 Å), Cd2(O3PCH2C6H4CH2PO3) Æ 2H2O (2.493 Å),
and Cd2(OH)(O3PC2H4CO2) (2.369 Å).

It is interesting that the Mg(II) in compound 1 is also in
an octahedral environment, being coordinated by six oxy-
gen atoms from the three separate L3� ligands, two of
the six oxygen atoms are carboxylate oxygen atoms from
two different L3� ligands and the remaining four atoms
are phosphonate oxygen atoms from two L3� ligands, the
MgAO distance varies from 2.229(3) to 2.491(3) Å. To
the best of our knowledge, the reports about Mg atom
involved in coordination are rare. The L3� anion acts as
a ennead-dentate ligand, O1, O3 and O6 atom act as
monodentate, O1 and O3 are coordinated by one Cd(II)
atom, respectively, O6 is coordinated by one Mg(II) atom,
O2, O5 and O4 act as bidentate with two metal atoms, O2
and O5 are coordinated by one Cd(II) and Mg(II) atom,
respectively, and O4 links with two Cd(II) atoms. There-
fore, all the oxygen atoms of the 2-hydroxyphosphonoace-
tic acid ligand are involved in metal coordination.

The overall structure can be described as a 3D open-
framework type with channels running along the a-axis.
The 3D framework is based on two crystallographically
distinct Cd centered octahedra CdO6 and Mg centered
octahedra MgO6 (Fig. 2). Two CdO6 octahedra share the
O4AO4 edge to form a subunit. These subunits and the
MgO6 octahedra are connected each other by edge-sharing
(O2AO5) to form zigzag chains along c-axis, these chains
are linked via carboxylate oxygens (O2 and O3) and hydro-
xyl oxygen atom (O1) to form layers in bc-plane. The layers
are then connected via O4, O5 and O6 from the O3PC tet-
raheda to form 3D open-framework structure (Fig. 3).

The IR spectrum [21] for compound 1 was recorded in
the region from 4000 to 400 cm�1. A very strong absorp-
tion band around 3448 cm�1 corresponds to the OAH
stretching vibrations of hydroxyl groups of the title
compound, indicating the hydroxyl oxygen atom is still
protonated. This is in agreement with the result of the sin-
gle-crystal X-ray diffraction study. A strong band at
1610 cm�1 is observed which is shifted at least 90 cm�1

from the expected value of uncoordinated carboxylic acid
(v(CAO) typically around 1725–1700 cm�1) [22]. This large
shift is due to the carboxylate function coordinated to the
metal. The medium absorption band around 1399 cm�1 is
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probably due to the stretching vibration of CAH. The set
of bands between 1200 and 900 cm�1 (1129, 1054 and
922 cm�1) are due to stretching vibrations of the tetrahe-
dral O3PC groups [23,24]. Additional weak bands at low
energy (576, 531, and 460 cm�1) are found. These bands
are probably due to bending vibrations of the tetrahedral
O3PC groups and MAO (M = Cd and Mg) stretching
vibrations.

Thermogravimetric analysis [25] of compound 1 in the
50–800 �C temperature range in static air atmosphere
revealed that it is thermally stable up to 316 �C. Above this
temperature, it gradually loses weight until 618 �C. The
total weight loss (21.1 wt%) is consistent with theoretical
value (21.0%) calculated for the following thermal decom-
position reaction. The final product is assumed to be mix-
ture of Cd3(PO4)2 and Mg3(PO4)2 in a molar ratio of 2:1

6Mg0:5Cd[O3PCH(OH)CO2] (s) + 9O2 (g)

!2Cd3(PO4)2 (s) + Mg3(PO4)2 (s) + 6H2O (g) + 12CO2 (g)

In conclusion, a novel inorganic–organic hybrid material
with a three-dimensional framework has been prepared un-
der hydrothermal reaction conditions by the combination
of Cd and Mg cation with 2-hydroxyphosphonoacetic acid.
The structure of 1 comprises CdO6 octahedra and MgO6

octahedra connected by [O3PCH(OH)CO2]3� to form 3D
framework with one-dimensional channel system in the
a-axis direction. The single-crystal X-ray structural analy-
sis indicates that compound 1 crystallizes in achiral space
groups.
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