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Increased attention has been paid to transition metal phospho-

nates in recent years due to their potential applications in ion
exchange, absorption, and sensofsUsually, the metal phos-

phonates adopt layered or pillared layered structures, with the

organic groups filling in between the inorganic lay&pOther

structural types have also been observed in some phosphonates,

among which the porous structure is of particular inteteste
are currently interested in searching for new transition metal

diphosphonates, based on 1-hydroxyethylidenediphosphonate

[CH3C(OH)(PQ),, hedp], with possibly microporous frameworks.
The effort has resulted in the preparation of a mixed-valence
copper(l/ll) compound N&E u;s(hedp)(OH)»(H,0)° with a three-
dimensional open-framework structure. As an extension to our
previous work, herein we report the hydrothermal synthesis and
characterization of an Fe(ll) diphosphonate, B{EH,)4sNH;]Fe,-
(hedpH)-2H,0, 1, with a new structure type. It is worth noting
that only a few examples of iron monophosphonates with lamellar
structures have been described by Bujoli et al., including
HFe!" (CeHsPOsH)s, HFeE'(RPQ)rH,0 (R = CoHs, CeHs),
HFe" (CH3PO;),1% 12 and Fd(CHsPOs)-H,0.13

The title compound was prepared by hydrothermal treatment
of a mixture of FeS®7H,O (1 mmol, 0.2776 g), 50% hedpH
(1 cn®), LiF (1 mmol, 0.0256 g), and # (8 cn¥), adjusted by
1,4-butylenediamine to pH 3, at 140°C for 48 h. The colorless
needles were collected as a monophasic mat€rial suitable
crystal was selected for an X-ray crystallographic sttidyhe
structure ofl can be best described by a supramolecular open
network, built up from the strongly hydrogen-bonded covalent

U

Figure 1. Fragment of the chain with atomic labeling scheme (50%
probability) in 1.

chains. Figure 1 depicts a fragment of the chain with the atomic
labeling scheme, which contains centrosymmetric dimer units of
[Fey(hedpH)})?~. In this dimer unit, each Fe atom adopts a
distorted octahedral coordination geometry with the six O atoms
from three equivalent hedgHligands. The Fe O bond lengths

fall in the range 2.066(2)2.312(2) A, close to those in IH&,Hs-
P0O;)-H,0 [2.05(1)-2.35(1) A]*2 The bond valence sum for Fe

is 1.98% The hedpH- ligand is bis-chelated and bridges the Fe
atoms through the O(1), O(2), O(4), and O(5) atoms from
phosphonate moieties and O(7) from the hydroxy group. The O(4)
atom serves as gz bridging ligand which links the two iron
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chains along the [100] direction (Figure 1). The FefelA
distance is 3.354 A. The-FO(Fe) lengths [1.504(2)1.524(2)

A] are comparable to those in Maus(hedp)(OH)(H;0) [1.501-
(9)—-1.525(8) A]° Between the chains, there exists a very strong
hydrogen-bonding interaction through O(3) and O(6). The O(3)
--O(6) distance is 2.427(2) A, and the O)(11)-+-O(6) bond
angle is 170.2 (symmetry code fori: 2- x, 0.5+y, 0.5— 2.
Very strong hydrogen bonds have been observed in CsMi{P

(15) Crystal data for (@H14N2)[Fex(CoHsP,07),]-2H,O: monoclinic, space
groupP2i/c, a = 5.5362(2) Ab = 12.8676(5) Ac = 15.4337(5) A
=99.279(1), V = 1085.07(7) &, Z =2, M, = 643.90,D. = 1.971 g
cm3, F(000)= 660,u(Mo Ko) = 17.12 cnt%, 1 = 0.710 73 A, crystal
dimensions 0.5 0.1 x 0.1 mm. The crystal was mounted on a Siemens
Smart-CCD diffractometer equipped with a normal focus, 3 kW sealed
tube X-ray source. Intensity data were collecte@h{2= 55.9) in 1271
frames with increasingy (width of 0.30° per frame). Number of
measured and observed reflections>] 20(1)]: 2364, 1981 Ry =
0.0281). Empirical absorption correction was applied using the SADABS
program Tminmax = 0.839, 0.966). The structure was solved by direct
methods and refined d? by full-matrix least squares using SHELXPE.
All of the non-hydrogen atoms were refined anisotropically. The H atoms
were located from the electron density maps and refined isotropically.
(ApP)maxmin= 0.453,—0.313 e A3 R1=0.0245, wR2= 0.0624, GOF
= 1.007.
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1,4-butylenediamine (13.7%), suggesting the collapse of the
structure at higher temperature. The room temperatuieshbuer
spectrum confirms the presence of ferrous ion. The least-squares
fit of one doublet resulted in the parametérgisomer shift)=
1.41 mm/s and\Eq (quadrupole splitting= 1.01 mm/s, which
are typical of a high-spin Fe(IB: The temperature dependent
molar magnetic susceptibility measurementlokveals that the
magnetic moment at 300 K is 7.93 per molecule, which agrees
with the expected spin-only value for two high-spin Fe(ll) centers
(uess = 7.62ug for g = 2.2). On cooling from room temperature,
the gradual increasing gf,T indicates a dominant ferromagnetic
exchange down to 36 K, which is confirmed by a positive Weiss
constant 410.4 K) determined in the temperature range 100
300 K. It has been suggested that the-Re-Fe angles close to
90° promote ferromagnetic exchange coupling in diferrous
compound#? The ferromagnetic exchange Incould be caused
by the relatively small Fe()O(4)—Fe(1A) angle [99.83(5].
The sharp decrease gfT below 36 K is attributed to the zero-
) ) field splitting of the ground state. Similar phenomena have been
Figure 2. Crystal packing ofL viewed along the [100] direction. Al H  OPServed in several othgrO oru-X (X = F, Cl) bridged diiron-
atoms except H(11) are omitted for clarity. (1) complexes [Fe-O(X)—Fe angles 91:9101.7].2223 Com-
pound1l is not stable and oxidized slowly by exposure to air for
[0-++O distance 2.372(12) Al and many hydrogen phosphates Several days; the oxidation can be recognized from the sample’s
such as CaHP® Consequently, comparing with the protonated light brown color. The Mesbauer spectrum of the fully oxidized
P—O(H) [1.561(2), 1.571(2) A] and the pendantD [1.502(2), sample shows a doublet with parametérgsomer shift)= 0.28
1.514(2) A] distances in [NHCH,),NHz]Ni(hedpH)»(H,0),,1° mm/s andAEq (quadrupole splittingy= 0.41 mm/s.
the bond length of P(HO(3)(H) [1.549(2) A] in1 s significantly The structure ofl is apparently different from that of the
shorter whereas that of the PE&D(6) [1.538(2) A] is much ~ mononuclear species [NKCH,)aNH3]Ni(hedpH)x(H,0),,'° al-
longer. A three-dimensional supramolecular framework is there- though the same organic template is employed. Such a structural
fore constructed by the assembly of jffedpH}],>"~ chains difference could originate from the versatile coordination abilities
through strong hydrogen bonding, with one-dimensional channels of Fe(ll) compared with Ni(ll). However, it has to be noted that
created along tha axis (Figure 2). The [NK(CH,)4sNH3]?" cations the template may play an important role in directing the structure
and water molecules reside in the channels with extensive of the title compound and, further, stabilizing an Fe(ll) oxidation
hydrogen-bonding interactions. The three shortestOldistances state. Further work is in progress to investigate the template role

are 2.789(3), 2.788(2), and 2.824(2) A for N¢1D(1), N(1) - in directing the structures of Féedp compounds and in
0O(6'), and N(1)--O(5') (symmetry code for ii: 1- x, —y, —2), stabilizing different oxidation states of iron.

respectively. The bond lengths and angles for §{@H,),NH3]?" )
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