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Abstract

The preparation by hydrothermal reaction and the crystal structure of the iron(III) carboxyethylphosphonate of formula

[NH4][Fe2(OH){O3P(CH2)2CO2}2] is reported. The green-yellow compound crystallizes in the monoclinic system, space group

Pcðn:7Þ; with the following unit-cell parameters: a ¼ 7.193(3) Å, b ¼ 9.776(3) Å, c ¼ 10.17(4) Å and b ¼ 94.3(2)1. It shows a typical

layered hybrid organic–inorganic structure featuring an alternation of organic and inorganic layers along the a-axis of the unit cell.

The bifunctional ligand [O3P(CH2)2CO2]
3� is deprotonated and acts as a linker between adjacent inorganic layers, to form pillars

along the a-axis. The inorganic layers are made up of dinuclear Fe(III) units, formed by coordination of the metal ions with the

oxygen atoms originating from the [O3P�]2� end of the carboxyethylphosphonate molecules, the oxygen atoms of the [�CO2]
� end

group of a ligand belonging to the adjacent layer and the oxygen atom of the bridged OH group. Each Fe(III) ion is six-coordinated

in a very distorted octahedral environment. Within the dimer the Fe–Fe separation is found to be 3.5 Å, and the angle inside the

[Fe(1)–O(11)–Fe(2)] dimers is �1241. The resulting 3D framework contains micropores delimited by four adjacent dimers in the (bc)

planes of the unit cell. These holes develop along the a-direction as tunnel-like pores and [NH4]
+ cations are located there. The

presence of the m-hydroxo-bridged [Fe(1)–O(11)–Fe(2)] dimers in the lattice is also responsible for the magnetic behavior of the

compound at low temperatures. The compound contains Fe3+ ions in the high-spin state and the two Fe(III) ions are

antiferromagnetic coupled. The J/k value of �16.3K is similar to those found for other m-hydroxo-bridged Fe(III) dimeric systems

having the same geometry.
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1. Introduction

The phosphonate anion, [RPO3]
2�, where R is an

organic group, represents an interesting oxygen donor
‘‘building block’’ molecule. Its ability to give solid phases
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with a layered structure of the type M/O/P, when
combined with divalent metal ions, M, renders this
molecule suitable in the search for new inorganic–organic
hybrid materials [1]. Moreover, in the case of paramag-
netic metal(II) organophosphonates, the lamellar struc-
ture favors magnetic interactions between near-neighbors
transition metal(II) ion centers and often a magnetic long-
range ordering is established at low temperatures [2]. In
addition, the molecular structure of the phosphonic acid
can be chemically modified by connecting to the R group
of the ligand another functional group, such as the –NH2

group or the –CO2H or even another –PO3H2 group.
These types of bifunctional ligands can then act as linkers
and, according to the nature of the functional group that
was used, a number of hybrids were designed, and
recently a variety of compounds with layered and pillared
structures have been isolated and characterized. Most of
these studies have focused their attention on the chemistry
of bifunctional metal(II) phosphonates, but only a few
phosphonates containing transition metal(III) ions have
been reported in literature until now [3–8]. The chemistry
of transition metal(III) ions and bifunctional phosphonic
acids of formula R–(CH2)nPO3H2, (R ¼ –NH2, –CO2H),
has been explored and the hydrothermal reaction between
the FeCl3 � nH2O and the carboxyethylphosphonic anion
ligand, i.e., [O3P(CH2)2CO2]

3� has been studied. The
hydrothermal reaction was carried out in the presence of
urea in order to increase slowly the pH of the reaction
mixture up to almost neutral values. In this range of pH,
the carboxyethylphosphonic acid is expected to be
deprotonated and therefore both the functional groups
of the phosphonate ligand can act as an O-donor ligand to
the metal ion.

In this paper, we report the preparation and structural
elucidation, as well as the magnetic properties as a
function of temperature down to 2K of a new micro-
porous and pillared ammonium Fe(III) carboxyethyl-
phosphonate of formula [NH4][Fe2(OH){O3P(CH2)2
CO2}2].
2. Experimental section

2.1. Materials and methods

FeCl3 � 6H2O (Merck), carboxyethylphosphonic acid,
HO2C(CH2)2PO3H2 (Aldrich Chemical Co.), and urea
(Acros) were of analytical grade and were used as
received. HPLC water was used as solvent.

2.2. Synthesis of

(NH4)[Fe2(OH){O3P– (CH2)2CO2}2]

The compound was prepared by hydrothermal reac-
tion of a mixture of FeCl3 � 6H2O (0.50 g, 1.85mmol),
carboxyethylphosphonic acid (1.02 g, 6.62mmol), urea
(0.46 g, 7.66mmol) and deionized water, 8mL. The
molar ratios in the initial mixture were Fe:acid:
urea:water ¼ 1:3.6:4.14:240. Urea was added with the
purpose of increasing the pH of the solution. The
carboxyethylphosphonic acid presents three different
acidities: two from the phosphonic group and one from
the carboxylic group, with respective pKa values of 2.2,
4.6 and 7.7 [6a]. The mixture was placed in a small
beaker (20mL) and transferred inside a Teflon vessel
containing water on the bottom. The vessel was then
placed in a Parr digestion bomb and the latter closed up.
The bomb was heated at 160 1C with a heating rate of
31 h�1 and left to react under autogenous pressure for 3
days. The bomb was cooled down to room temperature.
The resulting product consisted of two phases: i.e., a
light orange powder as a suspension in water and a
green-yellow microcrystalline powder on the bottom of
the beaker. The final pH of the solution was 5.2.
The light orange suspension was separated from the
yellow crystalline powder by decantation. The green-
yellow microcrystalline compound was filtrated, washed
with water and dried under vacuum (yield 40%). Several
attempts of growing single crystals were made and,
at last, a suitable but twinned crystal was isolated,
when cyclohexane was added to the initial mixture (few
mL). Analyses: Calcd. for (NH4)[Fe2(OH){O3P(CH2)2-
CO2}2], C6H13NO11P2Fe2: C ¼ 16.05%; H ¼ 2.92%;
N ¼ 3.12%. Found: C ¼ 16.01%; H ¼ 2.96%; N ¼

3.09%.

2.3. Characterization and physical measurements

Elemental analyses were carried out by the Servizio di
Microanalisi—Istituto Struttura della Materia C.N.R.
and by the Laboratorio de Análisis Cuantitativo
Elemental of the University of Oviedo (Spain). Thermo-
gravimetric (TGA) data were obtained in flowing dry
nitrogen at a heating rate of 101min�1 on a Stanton-
Redcroft STA-781 thermoanalyzer. The FT-IR ab-
sorption spectra were recorded on a Perkin Elmer
621 spectrophotometer using KBr pellets. Static mag-
netic susceptibility measurements were performed by
using a Quantum Design MPMS5 SQUID magnet-
ometer in fields up to 5T. A cellulose capsule was
filled with a freshly prepared polycrystalline sample
and placed inside a polyethylene straw to the end
of the sample rod. All the experimental data were
corrected for the core magnetization using Pascal’s
constants.

2.4. X-ray powder data collection

Room-temperature X-ray powder diffraction data
were recorded on a Seifert XRD-3000 diffractometer,
Bragg-Brentano geometry, equipped with a curved
graphite monochromator [l(CuKa1) ¼ 1.54056 Å] and
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a scintillation detector. The data were collected with a
step size of 0.021 D2y and at a count time of 8 s per step
over the range 41o2yo801. The powder sample was
mounted on a stainless-steel sample holder. The
diffractometer zero point was determined from an
external Si standard.

2.5. X-ray single crystal structure analysis

A nearly cubic green-yellow single crystal of the title
compound of the dimensions of ca. 0.1� 0.08�
0.08mm3 was mounted inside a glass fiber and used
for data collection. Diffraction data were collected on a
Huber CS diffractometer [9], with graphite monochro-
matized MoKa radiation (l ¼ 0.71069 Å), using y–2y
scan mode. The crystal used for diffraction studies was
twinned and gave sets of reflections corresponding to
the individual twins. The unit cell and the orientation
matrix were determined by selecting the most intensive
reflections. Details of the crystal data, data collec-
tion, structure solution and refinement are reported in
Table 1

Crystallographic data for (NH4)[Fe2(OH){O3P–(CH2)2CO2}2]

Crystal data

C6H13Fe2NO11P2 MoKa radiation

Mr ¼ 448.77 l ¼ 0.71069 Å

Monoclinic Cell parameters from 30

reflections

Pc y ¼ 3–15

a ¼ 7.193 (3) Å m ¼ 2.315mm–1

b ¼ 9.776 (3) Å T ¼ 298 (2)K

c ¼ 10.17 (4) Cubic

b ¼ 94.3 (2)1 Green-yellow

V ¼ 713 (3) Å�3 0.10� 0.08� 0.08mm3

Z ¼ 2

Dx ¼ 2.067mgm–3

Data collection

Huber CS four circle

diffractometer

ymax ¼ 251

y�2y scan h ¼ 0-8

1541 measured reflections k ¼ 0-11

849 independent reflections l ¼ �12-12

844 reflections with I42s(I) Three standard reflections

monitored every 97 reflections

intensity decay: 4%

Rint ¼ 0.0967

Refinement

Refinement on F2 (D/s)max ¼ 0.000

R[F242s(F2)] ¼ 0.1347 Drmax ¼ 5.091 e Å–3

wR(F2) ¼ 0.3679 Drmin ¼ –2.569 e Å–3

S ¼ 1.833

89 parameters Scattering factors from Internat.

Tables for Crystallography Vol.

C

H-atom parameters constrained

w ¼ 1/

[s2(Fo
2)+(0.2000P)2+0.0000P]

where P ¼ (Fo
2+2Fc

2)/3
Table 1. The crystal obtained showed a slight decom-
position during the data collection. The structure was
solved by direct methods [10], and refined isotropically
by full-matrix least-squares method. All the hydrogen
atoms were geometrically located and introduced into
the final full-matrix least-squares refinement in a riding
model with the isotropic temperature factors arbitrarily
fixed. All final calculations were performed by
SHELXL-97 and ORTEP-3 programs [11]. The final
residuals ((I42s(I)) were R1 ¼ 0.135 and wR2 ¼ 0.368.
These residual values are higher than usual mainly
because the data set could not be completely detwinned
and the intensities of some reflections are overstimated
due to probable twinning [12].
3. Results and discussion

A new ionic and polymeric compound of formula
(NH4)[Fe2(OH){O3P-(CH2)2CO2}2] was prepared from
the hydrothermal reaction of FeCl3 � 6H2O and carbox-
yethylphosphonic acid in the presence of urea. Under
these conditions urea hydrolyses to give ammonium
carbonate. The latter rises gradually the pH of the
solution up to 5.20, generates NH4

+ cations and
facilitates the deprotonation of all the donor groups of
the phosphonic acid. A comparison with the results
reported by Ferey et al. [8] shows that the pH of the final
solution is critical for the synthesis of the compound.
(NH4)[Fe2(OH){O3P-(CH2)2CO2}2] is obtained from a
hydrothermal reaction only when the final solution
features a higher pH value and closer to neutrality. It
has been isolated as a green-yellow microcrystalline
powder and characterized by several techniques (ele-
mental analyses, TGA and DSC, X-ray powder diffrac-
tion techniques as well as the electronic and FT-IR
absorption spectroscopy). The TGA of the title com-
pound is reported in Fig. 1. An initial loss of �1.2% is
observed and can be ascribed to the presence of less than
1/2 molecule of water of crystallization per formula unit.
The next mass loss (13.8%) starts at 280 1C and stops at
�370 1C corresponding to the loss of ammonia and of
the hydroxyl group. The compound further decomposes
in different steps, and the total loss of 24.21% is
observed at �600 1C, a temperature at which the
decomposition of the ligand (calcd. 25.84%) and the
formation of FePO4 occurs.

3.1. Structural characterization of

[NH4
+][Fe2(OH){O3P(CH2)2CO2}2]

Attempts of growing single crystals for X-ray
investigations were made and only twinned crystals
were isolated. Twinning is not rare in these type of
materials [12]. The structural characterization of the
compound was then carried out by the combination of
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Fig. 1. TGA and DSC plots of [NH4][Fe2(OH){O3P(CH2)2CO2}2].

Fig. 2. Final observed (++), calculated (—) and difference plots for

the Rietveld refinement against X-ray Powder diffraction patterns of

[NH4][Fe2(OH){O3P(CH2)2CO2}2].

Fig. 3. Asymmetric unit of [NH4][Fe2(OH){O3P(CH2)2CO2}2] show-

ing the atom labeling. ORTEP drawing with 50% probability

ellipsoids.
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the X-ray single crystal and X-ray powder diffraction
techniques. These studies enabled us (a) to check the
purity of the microcrystalline green-yellow powder from
the other Fe(III) phase reported by Ferey [8a] and (b) to
check the identity of the phase of the green-yellow
microcrystalline powder and that one of the single
crystal studied by X-ray single-crystal diffraction
technique. The low-angle powder diffraction patterns
of the title compound were indexed using the N-
TREOR stand-alone program, [13a] suggesting a
monoclinic unit cell with the following unit-cell para-
meters: a ¼ 7.178(1) Å, b ¼ 9.756(5) Å, c ¼ 10.128(5) Å
and b ¼ 94.3(1)1. This indexing is characterized by the
figure of merit M0(20) ¼ 69 and F(20) ¼ 47 (0.01014,
42). The X-ray powder diffraction pattern was refined
by the Rietveld profile analysis [13b,c] using the model
obtained by single-crystal studies and the results are
reported in Fig. 2. These results clearly show that the
green-yellow microcrystalline powder and the single
crystal studied are the same compound. No extra peaks
ascribed to the protonated [FeIII(OH)(H2O){O3P(CH2)2-
CO2H}] compound [8a] were found in experimental X-
ray powder diffraction patterns.

3.2. Crystal and molecular structure description

The structure of the title compound consists of the
polymeric [Fe2(OH){O3P(CH2)2CO2}2]

�1 anions and
ammonium ions. An ORTEP scheme of the asymmetric
unit is shown in Fig. 3. The main bond distances and
angles are reported in Table 2, other distances and
angles may be found in the Supporting Information.
The asymmetric unit consists of two iron atoms, one
nitrogen atom, two completely deprotonated ligands
and a m-OH bridging group. In the resulting dimer, the
Fe(1)–O(11) and Fe(2)–O(11) bonding distances are
both equal to 2.01(3) Å. The angle Fe(1)–O(11)–Fe(2) is
124 (2)1 and the Fe(1)–Fe(2) separation within the dimer
is 3.54(2) Å. Both the Fe(III) sites are in a distorted
octahedral symmetry and are coordinated by one
oxygen from the bridged OH group and by three
oxygens belonging to three different phosphonates in
one side. The coordination around the metal ion is then
completed by two oxygen atoms of the deprotonated
carboxylate end of a neighboring ligand. Bond lengths
around the Fe(1) ions range: Fe(1)–O(6)[P(1)O3

2�] ¼
2.00 (3) Å, Fe(1)–O(10)[P(2)O3

2�] ¼ 1.93(3) Å, Fe(1)–O(5)
[(P(1)O3

2�] ¼ 1.99(3) Å and Fe(1)–O(1) [C(1)O2
�1] ¼

2.18(3) Å; Fe(1)–O(2) [C(1)O2
�1] ¼ 2.09(3) Å, and Fe(1)–

O(11) ¼ 2.01(3) Å. The second octahedral chromophore
[Fe(2)O6] of the dimer shows similar Fe–O bond
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Table 2

Selected bond distances (Å) and angles (1) for (NH4)[Fe2(O-

H){O3P–(CH2)2CO2}2].

Fe(1)–O(10)i 1.93 (3) P(1)–C(1) 1.82 (5)

Fe(1)–O(5)ii 1.99 (3) O(1)–C(3) 1.26 (6)

Fe(1)–O(6) 2.00 (3) O(1)–Fe(1)v 2.18 (3)

Fe(1)–O(11) 2.01 (3) O(2)–C(3) 1.22 (5)

Fe(1)–O(2)iii 2.09 (3) O(2)–Fe(1)v 2.09 (3)

Fe(1)–O(1)iii 2.18 (3) O(5)–Fe(1)vii 1.99 (3)

P(1)–O(6) 1.48 (3) O(10)–Fe(1)viii 1.93 (3)

P(1)–O(5) 1.50 (3) C(1)–C(2) 1.45 (6)

P(1)–O(7) 1.54 (3) C(2)–C(3) 1.56 (6)

O(10)i–Fe(1)–O(5)ii 94 (1) O(6)–P(1)–O(7) 112 (2)

O(10)i–Fe(1)–O(6) 106 (1) O(6)–P(1)–C(1) 104 (2)

O(10)i–Fe(1)–O(2)iii 157 (1) O(5)–P(1)–O(7) 110 (2)

O(10)i–Fe(1)–O(1)iii 98 (1) O(5)–P(1)–C(1) 109 (2)

O(10)i–Fe(1)–O(11) 92 (1) O(7)–P(1)–C(1) 108 (2)

O(5)ii–Fe(1)–O(6) 90 (1) P(1)–O(5)–Fe(1)vii 143 (2)

O(5)ii–Fe(1)–O(11) 173 (1) P(1)–O(6)–Fe(1) 132 (2)

O(5)ii–Fe(1)–O(2)iii 84 (1) P(1)–O(7)–Fe(2) 131 (2)

O(5)ii–Fe(1)–O(1)iii 84 (1) P(2)–O(10)–Fe(1)viii 138 (2)

O(6)–Fe(1)–O(11) 91 (1) Fe(1)–O(11)–Fe(2) 124 (2)

O(6)–Fe(1)–O(2)iii 97 (1) C(2)–C(1)–P(1) 112 (3)

O(6)–Fe(1)–O(1)iii 156 (1) C(1)–C(2)–C(3) 118 (4)

O(11)–Fe(1)–O(2)iii 91 (1) O(2)–C(3)–O(1) 117 (4)

O(11)–Fe(1)–O(1)iii 93 (1) O(2)–C(3)–C(2) 120 (4)

O(2)iii–Fe(1)–O(1)iii 60 (1) O(1)–C(3)–C(2) 122 (4)

O(6)–P(1)–O(5) 113 (1)

Symmetry codes: (i) x, �y, z�1/2; (ii) x, 1�y, z�1/2; (iii) 1+x, 1�y,

z�1/2; (iv) 1+x, y, z; (v) x�1; 1�y, 1/2+z; (vi) x�1, y, z; (vii) x, 1�y,

1/2+z; and (viii) x, �y, 1/2+z.

Fig. 4. A ball and stick representation of [NH4][Fe2(OH){O3P(CH2)2-
CO2}2] viewed along the c-axis.

Fig. 5. A ball and stick representation of [NH4][Fe2(OH){O3P(CH2)2-
CO2}2] viewed along the a-axis, showing the microporous structure.
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distances and angles. All the Fe(III)–oxygen distances
are in the range of the bond distances observed in
previous reported Fe(III) phosphonates [6,8,14]. The
m(OH)-bridged Fe(III) dimers form a small cage, and
each cage is bonded to adjacent ones by the third O(5)
and O(8) atoms of the two different [–PO3] groups,
respectively. The inorganic layer is composed of these
dinuclear units, the axes of which lie in the (bc) plane
and are almost perpendicular to each other (see Fig. 5).
The carboxyethylphosphonate ligand is bonded to the
metal ions of two adjacent inorganic layers through
both the ends of the organic moiety along the a-
direction of the unit cell: one end of the ligand, i.e., the
[–CO2]

� group, chelates to one Fe(III) ion C(3)–O(1)
¼ 1.26(6) Å, C(3)–O(2) ¼ 1.22(5) Å and the other end,
i.e., the tetrahedral [–PO3]

2� group, binds the three
oxygens to three different adjacent iron(III) ions lying in
the adjacent inorganic layer (see Figs. 4 and 5). This
pillared framework shows tunnel-like pores along the a-
axis of the unit cell where [NH4]

+ ions are located. It is
interesting to point out that the size of the pore,
estimated by taking into account the van der Waals
radii of the oxygen atoms located inside the pore, is
around 3.5 Å.

The electrostatic interactions, as well as hydrogen
bonds involving the ammonium counter-ions, the
coordinating carboxylate and phosphonate groups
ensure the cohesion of the lattice.

3.3. Optical properties

IR spectroscopy provides a useful information on the
molecular structure of the phosphonate ligands, in
particular, on the protonation of their coordinating
groups, such as the carboxylic and phosphonic groups.
The FT-IR spectrum of (NH4)[Fe2(OH){O3P(CH2)2-
CO2}2] is reported in Fig. 6. It features a sharp and
intense band at 3622 cm�1 assignable to the –OH
stretching vibration of the OH group. The sharp nature
of this band indicates that the OH group is coordinated
to the metal ions. The N–H+ stretching vibrations of the
(NH4)

+ moiety are between 3280 and 3220 cm�1, while
the deformation should be located at �1400 cm�1 [15].
The medium bands observed at 1530 and 1420 cm�1 are
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Fig. 6. FT-IR spectrum of [NH4][Fe2(OH){O3P(CH2)2CO2}2] in the

KBr region.
Fig. 7. Temperature dependence of the effective magnetic moment meff

per iron of the complex [NH4][Fe2(OH){O3P(CH2)2CO2}2] in tem-

perature region 5–200K.

Fig. 8. Fit (solid line) and experimental (circles) wM vs. T plots of

(NH4)[Fe2(OH){O3P(CH2)2CO2}2] in the temperature region 5–200K.

The fit has been performed by using Eq. (1) and assuming a dinuclear

molecular structure (see text).
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assigned to nas(CO2
�) and to ns(CO2

�), respectively, thus
showing that also the carboxylic group is deprotonated
[16] and in agreement with structural results. Three
strong bands due to the [PO3]

2� group, i.e., symmetric
(1010 and 944 cm�1) and asymmetric (1054 cm�1)
vibrations, are observed in the range 1200–970 cm�1.
The complete conversion of the phosphonic acid group
to its Fe(III) salt is demonstrated by the absence of OH
stretching vibrations of the –POH group typically found
at �2700–2550 and 2350–2100 cm�1. The symmetric and
asymmetric (CH2) stretches are located between 2900
and 2800 cm�1.

The UV–visible reflectance spectrum has also been
recorded and shows transitions at 380 nm(s), 439 nm(s),
584 nm(w), and 906 nm(w). The electronic behavior is
confirmative of the presence of the Fe(III) ion (i.e.,
characterized by spin-forbidden bands and CT transi-
tion below 500 nm).

3.4. Magnetic properties

The magnetic properties of the title compound have
been studied in the temperature range 250–2K.

3.5. High-temperature region

The temperature dependence of the molar magnetic
susceptibility, w; of the title compound has been
measured in the temperature range 5–250K. The meff

vs. T plot is reported in Fig. 7. A deep decrease of the
effective magnetic moment, meff, on lowering the
temperature is observed. The meff value per dimer at
250K is 7.04 mB, indicating the presence of high-spin
Fe(III) species, [17] and falls to 0.7 mB at T ¼ 5K, thus
suggesting antiferromagnetic intramolecular coupling.
The plot wM vs. T, in the temperature range 5–200K,
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shows a very broad maximum at T�80K (see Fig. 8).
This behavior is indicative of the presence of a m-
hydroxo bridged Fe(III) dinuclear structure in the
system. Fig. 8 also reports the fit of the w vs. T plot,
which was performed by using the isotropic spin–spin
interaction of the Heisenberg–Dirac–van Vleck Hamil-
tonian, H ¼ �2J �S1 �S2, where S1 ¼ S2 ¼ 5/2 [18].
Solving the van Vleck equation for this Hamiltonian
results in the following magnetic susceptibility equation
(Eq. (1)) which was used to fit the experimental data:

w ¼ ð1� wpÞ
NAm2

B

kT
g2

�
2e2x þ 10e6x þ 28e12x þ 60e20x þ 110e30x

1þ 3e2x þ 5e6x þ 7e12x þ 9e20x þ 11e30x

� �

þ 2xp
NAmB

3kT
g2SðS þ 1Þ þ 2TIP ð1Þ

with x ¼ J/kT. J/k represents the intramolecular inter-
action between the Fe(III) centers within the dimer;
NA ¼ Avogadro number; mB ¼ Bohr magneton; wp ¼
paramagnetic fraction of the monomeric Fe(III) impu-
rities (S ¼ 5/2), g ¼ spectroscopic splitting factor;
k ¼ Boltzmann factor, TIP is the temperature indepen-
dent paramagnetism per monomers.

The best-fit parameters found were: J/k ¼ �16.37
0.1K, TIP ¼ 2.5� 10�4 cm3mol�1 and wp ¼ 1.22% The
assumed g-value was 2.00, in accordance with a 6A1g

ground state for the Fe(III) ion. The values of the
coupling constant J/k are in the typical range of values
found for m-alkoxo or m-hydroxo-bridged dinuclear
Fe(III) systems [19,20].

3.6. Low-temperature region

The magnetic behavior of the compound down to
T ¼ 2K has also been studied (see Fig. S1) in order to
check the existence of any long-range magnetic ordering.
On cooling down from 10 to 3K, wM decreases and a
minimum is reached at T�6K and then it increases
again and this is ascribed to the presence of para-
magnetic Fe3+ impurities. A complete overlap between
the zfc and fc wM vs. T plots is observed and the
hysteresis loop recorded at 3K is found to be linear.
These findings rule out the presence of a long-range
magnetic ordering down to 2K, as suggested also by the
type of crystal and molecular structure.
4. Conclusions

The new organic–inorganic hybrid polymer of for-
mula [NH4][Fe2(OH){O3P(CH2)2CO2}2] has been pre-
pared and structurally and magnetically characterized.
Its crystal structure is layered and pillared, resulting in
an alternation of organic and inorganic layers. The
latter consists of dinuclear octahedral [Fe2(OH)O10]
units with Fe(III) ions bridged by a single m-OH group.
The bifunctional anionic ligand [O3P(CH2)2CO2]

3� acts
as a pillar along the a-direction of the unit cell,
coordinating through the oxygen atoms of the donor
groups to the metal ions and giving rise to the layered
and porous network. Tunnel-like pores of �3.5 Å in size
are present in the (bc) plane and they are delimited by
four adjacent iron(III) dimers. They develop along the
a-direction of the unit cell and contain the [NH4]

+

cations. This feature might suggest the use of the
compound as an ion-exchange material or catalyst. The
magnetic and optical properties were correlated to the
structure of the compound.
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