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: Article

Light-blue crystals of chromium(ll) methyl phosphonate dihydrate, [Cr(CH3PO3)(H20)] - H,0, were obtained in water by
mixing filtered solutions of methylphosphonic acid and chromium(ll) chloride in the presence of urea in an inert
atmosphere. The compound was characterized by elemental analysis, TGA-DSC, X-ray crystallography, magnetic
measurements, and UV—visible and FT-IR spectroscopies. The crystal and molecular structures (orthorhombic Pnma
(no. 62): a=4.4714(5) A, b=6.8762(7) A, c=19.180(2) A, Z=4) have been solved using single-crystal X-ray diffraction.
The chromium(ll) ion is six-coordinated by oxygens (4 + 2) to form an elongated octahedron, with the four equatorial
oxygen atoms belonging to [—PO3]>~ phosphonate groups. This stereochemistry of the Cr(1l) ion (high-spin d* electronic
configuration) is ascribed to the Jahn—Teller effect. The [CrOg] chromophore, the [CHsPO3]?~ anions, and the water
molecules build a novel one-dimensional (1D) metal(ll) oxide chain, anchored to each other within the ab plane by two
oxygens of the phosphonate ligand. Within the chain, each Cr** ion is connected through double oxygen bridges to its
two neighbors, forming edge-sharing octahedra running along the b axis. The chains are further connected with the
adjacent chains by phosphonate [—PO3]?~ groups of the ligand, forming an inorganic layer that alterates along the ¢
axis of the unit cell with bilayers, consisting of methyl groups and water of crystallization. The thermal variation of the
magnetic susceptibility follows the Curie—Weiss law, with a large negative Weiss constant, 6 = —60 K, indicating the
presence of antiferromagnetic AF exchange interactions between neighboring Cr(ll) ions. The magnetic behavior and the
magnetic dimensionality have been analyzed in terms of Fisher’s classical limiting form of the Heisenberg chain theory,
and a value of J=—9.3 cm™ " was found. The negative value of the intra-chain exchange constant coupling J confirms the
presence of an AF coupling. No sign of long-range magnetic ordering down to 2 K (the lowest measured temperature) is

observed, in agreement with the predominant one-dimensional character of the exchange interactions.

Introduction

The study of magnetic phenomena in hybrid organic—
inorganic compounds is at the forefront of solid state science
research, because of the interesting physical and chemical
properties exhibited." The design and the synthesis of this
class of compounds in fact have provided examples of novel
multifunctional materials, such as multiferroics, ferromagnetic
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conductors,® chiral magnets,* porous magnetic materials,’
chiral molecular conductors,® paramagnetic superconductors,’
etc., that are difficult to find in classical inorganic materials.
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One of these promising series of organic—inorganic hybrids
is the paramagnetic metal(I) organo-phosphonates M-
[(RPO)(H,0)],* where M(II) = Mn, Fe, Co, or Ni and R
is an organic group. The latter are attractive because the
organic group, R, may include an additional tailored chemi-
cal or physical property. The structures of these metal phos-
phonates M'[(RPO5)(H,0)] present alternating organic—
inorganic layers where the organic group, R, of the phos-
phonate lies in the interlayer space forming a bilayer (thanks
to van der Waals contacts) that is interspersed between the
inorganic ones. Within the inorganic layer, the metal(Il) ion
is six coordinated by oxygen atoms in a distorted octahedral
symmetry, four of them bridging neighboring metal ions. The
magnetic behavior at low temperatures® is related to the 2D
character of the inorganic sublattice, and interestingly, two
new Ni(II) organo-phosphonates were found to be ferro-
magnets at low temperatures.” A few years ago, we were able
to synthesize some Cr(II) organophosphonates with long-
range magnetic ordering at low temperatures.'® Only one of
them, an organic—inorganic hybrid of formula Cr[(H3N-
(CH»),PO5)(CI)(H,0)], was isolated as a crystalline phase
and could be structurally and physically characterized.'"!?
The compound was found to have a polar structure and to be
acanted antiferromagnet below 7Ty = 5.5 K. Among the large
number of paramagnetic metal ions, the Cr(II) ion represents
an interesting building block for the self-assembling of multi-
functional magnetic hybrids, due to its high-spin ¢ electron
configuration. Unfortunately, its air-sensitivity has preven-
ted the synthesis and crystal growth of new compounds. Thus,
up to now, only a scarce number of Cr(II) compounds con-
taining oxygen atoms coordinated to the metal ion have been
isolated and structurally characterized."® For this reason,
we have prepared several Cr(II) alkylphosphonates, and
only recently we have succeeded in the single-crystal
growth of one form of the first member of the series, i.e.
[Cr(CH;PO;)(H,0)]- H,O (1).

Here, we report the X-ray single-crystal structure and the
magnetic properties of this chromium(Il) methylphospho-
nate dihydrate.

Experimental Section

Materials and Methods. Commercially available chemical
reagents were used without further purification; i.e., methylpho-
sphonic acid, CrCl,, was used as supplied from Aldrich Chemi-
cal Co., and HPLC water was used as solvent. All reactions and
the handling involving Cr(II) samples were carried out under
an inert atmosphere by using Schlenck techniques. Water was purged
with N, gas prior to use. Elemental analyses were performed by
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Malissa & Reuter Mikroanalytische Laboratorien, Elbach,
Germany. Thermogravimetric (TGA) data were collected in flow-
ing dry nitrogen at a rate of 5 °C/min on a ThermoAnalysis Q60
thermoanalyzer. FT-IR absorption spectra were recorded on a
Shimadzu Prestige 21 spectrophotometer using KBr pellets.
UV—vis—NIR absorption spectra were recorded on a Perkin-
Elmer 950 spectrophotometer equipped with a diffuse reflec-
tance sphere.

The single-crystal structure of [Cr(CH;PO5)(H,O)]-H,O (1)
was determined from a selected light-blue plate-like crystal of
approximately 0.20 x 0.1 x 0.08 mm® in sealed Lindeman tubes.
The X-ray intensity data were collected at room temperature on
a four-circle diffractometer equipped with an Xcalibur S CCD
area detector, graphite monochromator, and a Mo Ko enhan-
ced fine-focus sealed tube (4 = 0.71070 A). They were corrected
for absorption effects by using CrysAlis RED.'* The structure
was solved by using the SIR97 package'* and refined with the
SHELXL-97'° software.

The DC magnetic susceptibility measurements were carried
out in the temperature range 2—300 K with an applied magnetic
field of 0.1 T on a polycrystalline sample of compound 1 (m =
13.18 mg), with a Quantum Design MPMS-XL-5 SQUID mag-
netometer. The isothermal magnetization was measured on the
same sample at 2 K with magnetic fields up to 9 T with a Quantum
Design PPMS-9 equipment. The AC magnetic measurements
were performed on a sample composed by several single crystals
(m = 0.34 mg) with an alternating field of 0.395 mT in the fre-
quency range 1—1000 Hz in the MPMS-XL-5 SQUID suscept-
ometer. The susceptibility data were corrected for the sample
holders previously measured using the same conditions and for
the diamagnetic contributions of the salt as deduced by using
Pascal’s constant tables (g, = —94.4 X 10~ emumol ™ 1)."® The
temperature-independent susceptibility, yp, was corrected from
the usual expression by assuming that, with Oy, symmetry for Cr(II)
(S=2), the D splits to yield the °E ground state: Kip = 4N/432/ 10Dq,
where 10Dq = 11700 cm ™' from the electronic spectrum.

Synthesis of Chromium(II) Methylphosphonate, [Cr(CH3PO3)-
(H,0)]-H,0 (1). Compound 1 was prepared by mixing filtered
aqueous solutions of methylphosphonic acid and CrCl, in the
presence of urea in a pyrex ampoule under an inert atmosphere.
The latter was sealed and kept at 80 °C in an oven for two days.
The light-blue microcrystalline precipitate that formed was fil-
tered off under nitrogen, washed several times with degassed
water, and then dried under vacuum. The Cr(II) methyl deriva-
tive slowly decomposes in the air. The composition of the
material was checked by elemental analyses and by TGA
measurements. Elemental analysis caled. (%) for CH,CrPOs:
C,6.60;H, 3.87; Cr, 28.56; P, 17.01. Found (%): C, 7.03; H, 3.34;
Cr, 29.60; P, 13.95.

Please Note: The low phosphorus content detected by elemen-
tal analysis can be explained taking into account the proposed
molecular formula and detected values for Cr and the ligand.
The C/P atomic ratio in the ligand is 1:1, and as a consequence
the ratio Cr/C/P = 1, which means that the ratio Cr/ligand = 1
The detected value of the %C/atomic weight ratio is 0.586, and
the detected value of the %Cr/atomic weight ratio is 0.569,
the latter being quite close to the above-reported value. This
suggests that during the determination process of %P some
phosphourus has been lost. However, structural studies con-
firmed the stoichiometry of the analyzed compound.
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Table 1. Crystal Data and Data Collection for Compound [Cr(CH3PO3)(H,0)]
H,0 (1)

chemical formula CH,CrOsP

M, 182.03

cell setting, space group orthorhombic, Pnma

temp (K) 298(2)

a, b, c(A) 4.4714(5), 6.8762(7), 19.180(2)
V(A% 589.73(11)

D, (Mgm ) 2.028 .

radiation type Mo Ka, 0.71070 A

M (em™") 21.5

cryst form, color blue

cryst size (mm) 0.20 x 0.1 x 0.08

Data Collection

Oxford Diffraction Xcalibur S CCD
Q and O
multiscan (based on
symmetry-related measurements)
Tin 0.6732
Tinax 0.8469
no. of measured, independent, 1817, 662, 532
and observed reflection
[F* > 20(F%)]

diffractometer
data collection method
adsorption correction

Rint 0.0224
Opmax (deg) 26.5
Refinement
Refinement on P
R[F* > 20(F)], wR(F?), S 0.0402, 0.1078, 1.157
no. of params 57
H-atom treatment refined
(A/0)max 0.000

APrmaxs Aomin (A7) 0.7(1), =0.7(1)

Results and Discussion

Single crystals of Cr(II) methylphosphonate dihydrate
have been isolated by the reaction of methylphosphonic acid
and CrCl, in water under an inert atmosphere. The prepara-
tion was carried out in the presence of urea at temperatures
slightly above 80 °C in a sealed ampule. Under these condi-
tions, the urea slowly hydrolyzes with the release of ammonia
and, therefore, increasing the pH of the solution. The isolated
compound is light-blue and crystallizes as plate-like crystals.
The thermogravimetric analysis of [Cr(CH3PO3)(H,0)]- H,O
features three mass losses (see the Supporting Information,
Figure S1). The first step, at 60 °C, presents a mass loss of
1.5%. The second one takes place in the temperature range
100—200 °C and represents a mass loss of 8.5%. The appa-
rent discrepancy between the TGA data and the crystalliza-
tion water content (see below) can be explained by the low
value of the temperature at which the compound starts to lose
water (below 40 °C). The second step is related to the loss of
coordinated water. The observed total loss of 10.0% corres-
ponds to the removal of one water molecule per formula unit.
The final mass loss observed between 450 and 622 °C results
from the decomposition of the organic ligand, and it is an
indication of the high thermal stability of the compound.

Crystal Structure of [Cr(CH3PO3)(H,0)]-H,O (1). The
title compound crystallizes in the orthorhombic space group
Pnma and shows a hybrid inorganic—organic structure,
where the inorganic layers alternate with the organic bi-
layers along the ¢ axis. Details of the crystal data collection,
structure solution, and refinement are reported in Table 1.
The asymmetric unit consists of one Cr atom, located on an
inversion center and four methylphosphonate ligands (see
Figure 1). The geometry around the Cr(II) ion is an elonga-
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Figure 1. Monomeric structure of the title compound with atomic label-
ing scheme (thermal ellpsoids to 50% probability).

Table 2. Selected Bond Length (A) and Angles (deg) for Compound [Cr(CH;PO5)-
(H0)]-H,0 (1)

Cr—0l 2.084(2) P1-0l1 1.553(4)
Cr—02 2.031(2) P1-02 1.521(2)
Cr—03 2.606(2)

P1-ClI 1.800(6)

01-Cr—02 89.3(1) 01-Cr-0l 180.0(2)
01-Cr—02 90.7(1) 02—Cr—02 180.0(1)
Cr—03—Cr 82.5(1)

ted octahedron with four in-plane, equatorial, short Cr—O
bonds (Cr—O01 = 2.084(2) A, Cr—02 = 2.031(2) A, from four
adjacent phosphonate groups) and two long, axial Cr—O
bonds (Cr—03 = 2.607(2)A, from the water molecules).
Selected bond length and angles are reported in Table 2.
These bond distances are similar to those observed in
Na,CrP,0,.'? although in the latter the coordination is
five. The difference between the equatorial and the axial
Cr—O distances can be attributed to the Jahn—Teller
effect, operating in Cr(II) high spin (S = 2) systems.'®
The cis O—Cr—O bond angles also deviate from 90° (they
are in the range 82—97°), confirming the presence of a
distortion in the Cr(II) octahedron.

These [CrOg] octahedra form chains along the b axis
containing inclined edge-sharing octahedra, with an small
Cr—03—Cr angle of 82.5(1)° and a large Cr—OI1—Cr
angle of 111.2(2)°, as a result of the Jahn—Teller elonga-
tion of the Cr—O3 bond. The chains are further connected
with the adjacent chains by phosphonate groups [—PO;*~
of the ligand, thus forming an inorganic layer in the ab
plane (see Figure 2a). The O1 atom of the phosphonate
group connects two adjacent Cr(1I) ions, while the other
two oxygen atoms of the [~PO;]*~ group (02 and 02%)
are bonded to the Cr(II) ions located on adjacent chains;
thus, they connect the chains through —O—P—O—
bridges. The intrachain Cr—Cr distance (3.438(2) A) is
significantly shorter than the interchain one (4.472(2) A).
The —CHj group, located opposite the [—~PO5]*~ group,
is orientated almost perpendicular to the inorganic layers
and situated between them, forming an organic bilayer.
The crystallization water molecules are located in the cavi-
ties left by the adiacent —CHj groups in the interplanar
space (Figure 2b) and are held together by hydrogen bonds.

In summary, the structure of compound 1 can be described
as being formed by chains of inclined edge-sharing elongated
octahedra with almost orthogonal equatorial planes. The
chains are interconnected through —O—P—O— bridges to
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Figure 2. (a) Polyhedral view of the structure of the inorgaic layer in the
title compound. (b) Unit-cell packing of [Cr(CH3PO3)(H,0)]- H,O viewed
along the a axis. Color code: Cr = blue, P = orange, O = red, C = brown,
H = light pink.

form inorganic layers, which are interspersed along the
¢ axis with the organic bilayers.

Optical Properties. IR Spectra. The FT-IR absorp-
tion spectrum of [Cr(CH3;PO5)(H,O)]-H,O features, in
the 3700—3200 cm ™' region, a broad and intense band
with the maximum centered at about 3440 cm ™' and two
superposed sharp and intense peaks at 3590 cm ™' and
3497 cm ™!, which could be assigned to the O—H stretching
modes of the water molecules (see the Supporting Infor-
mation, Figure S2). These assignments are reminiscent of
what have been observed in the beryl mineral.'” In the
latter study, polarized IR spectra of hydrated synthetic
beryl have been compared to the natural one in order to
identify the type of water molecules present in the lattice,
i.e., crystallization water molecules or coordinated water
molecules. Here, according to the structure of compound
1, both types of water molecules are present in the lattice.
The sharpest peak at 3497 cm ™' can be assigned to the
stretching vibration of coordinated water, while the other
one at higher wave numbers (3590 cm ') is possibly due to
the water of crystallization. The H>,O bending modes
associated with these two types of water molecules appear
in the range between 1630 cm™ ' and 1600 cm™'. The C—H
stretching bands of the methyl group of the ligand are
located at 2995 cm™ and 2925 cm™ !, respectively. Four
bands due to the [~PO5]*~ _group VlbI‘atiOHS are observed
in the range 1200 900 cm™ . The complete conversion of
the acid into the Cr(II) compound is demonstrated by the
absence of OH stretching of the P—OH group at about
2700—2550 cm ™' and 2350—2100 cm ™.

UV —Visible Spectra. The diffuse reflectance electronic
spectrum of compound 1 has been recorded, and it is reported
in the Supporting Information (Figure S3). It features a

(17) Fukuda, J.; Shinoda, K. Phys. Chem. Miner. 2008, 35, 347-357.
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Figure 3. Thermal variation of the y,,,7 product for compound 1. Solid
and dashed lines are the best fit to the models (see text).

very broad band with two maxima at 825 and 620 nm; a
shoulder at 735 nm; spin-forbidden bands at 520, 424, 378
and 320 nm; and finally an intense band with a maximum
centered at 230 nm. This spectrum is compatible with the
presence of an octahedral [CrOg] and is very similar to those
of the salts K,S0, - CrSO, - 2H,0'** and CrSO,- SH,0,'°
containing a tetragonal distorted [Cr(H20)6]2Jr ion. The
splitting of the °D term of the free Cr*" ion (3d* in a weak
octahedral field would lead to an upper ng level and to
a lower E level, and therefore, one spin-allowed transi-
tion is expected However, the Eb ground state is orbi-
tally degenerate in Oy, symmetry, and the compound is
subject to the Jahn—Teller distortion, which distorts to
a tetragonal elongated octahedron (Dyy), and three spin
allowed electronic transitions are expected in the NIR
and visible region. A similar behavior has been obser-
ved in some 1D and 2D ionic magnetic chromium(II)
halides of the types CrCl,, CsCrCls;, (R4N)CrCls, and
(RNH5),CrCl,. "

Magnetic Properties. The magnetic susceptibility mea-
surements of compound 1 made on a microcrystalline
sample and on single crystals show identical behaviors,
confirming the identity of both samples. In the following,
the measurements done on the polycrystalline sample will
be discussed, since the higher mass of this sample allows
more accurate measurements. As can be seen in Figure 3,
the thermal variation of the product of the molar magnetic
susceptibility times the temperature, y,7, per Cr(II) ion
shows a room temperature value of ca. 2.65 cm®+ K -mol '
which is the expected one for a high-spin Cr(II) ion (d4
S = 2) configuration with a g of ca. 1.9. On lowering the
temperature, y,,,7 shows a gradual decrease to reach a
value close to zero at low temperatures. This behavior
clearly indicates the presence of dominant antiferromag-
netic interactions in compound 1 that can, in principle, be
attributed to the presence of intrachain Cr—Cr inter-
actions. The antiferromagnetic nature of the Cr—Cr
interactions are confirmed by the presence of a rounded
maximum in the y,,, versus 7 plot at ca. 35 K (see Figure 4).
Below this temperature, y,, shows a gradual decrease to

(18) (a) Earnshaw, A.; Larkworthy, L. F.; Patel, K. C. J. Chem. Soc. A
1965, 3267-3271. (b) Earnshaw, A.; Larkworthy, L. F.; Patel, K. C.; Beech, G.
J. Chem. Soc. A 1969, 1334-1339. (c) Hitchman, M. A.; Lichon, M.; McDonald,
R. G.; Smith, P. W.; Strange, R.; Skelton, B. W.; White, A. H. J. Chem. Soc.
Dalton 1987, 1817-1822.

(19) Bellitto, C.; Brunner, H.; Giidel, H. U. Inorg. Chem. 1987, 26, 2750~
2754.
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Figure 4. Thermal variation of y,, for compound 1. Solid and dashed
lines are the best fit to the models (see text). The inset shows the low-
temperature region.

reach a minimum at ca. 11 K and a divergence at lower
temperatures (see the inset in Figure 4). Besides the pre-
dominant intrachain antiferromagnetic interactions, this
plot also shows the presence of small fractions of mono-
meric paramagnetic impurities, responsible of the Curie
tail observed at very low temperatures.

Since the structure of compound 1 can be described as
Cr(II) chains with double oxo bridges that are connected
through —O—P—O-— bridges, we can, in a first approach,
consider that the longer —O—P—O— bridges are negligi-
ble as compared to the double oxo bridges inside the
chain. Accordingly, we have analyzed the magnetic data,
assuming a Heisenberg linear-chain model applied to an
S = 2 system (Hamiltonian H = —JXS,S;, ) plus a para-
magnetic S = 2 im}z)urity ¢, with J being the intrachain
magnetic exchange:*

. N@BS(S+1)1+u 2N

where,

u:coth[JS(S—i—l)}—[ kT }

kT JS(S+1)

This model reproduces very well the y,,, vs T'and y,, T vs
T plots of the title compound with g = 1.981(8), J =
—9.2(1)em ™', and ¢ = 0.50(5)% of the paramagnetic S = 2
impurity (dashed line in Figures 3 and 4). Note that
although this model reproduces very satisfactorily the
magnetic data above the maximum, in the low tempera-
ture region, the agreement between the experimental
and the calculated data is less satisfying. A possible expla-
nation for this difference may be the presence of non-
negligible interchain interactions, as was assumed in a
first approach. Thus, we have included a term to account
for the interchain interactions by using the molecular field
approximation:*'

mfa XiD
= 2
#ib 1= (22J’/Ng2ﬁ2))(”) 2

where J' is the interchain magnetic interaction of the z
neighbors, and y;p is the magnetic susceptibility of the

(20) (a) Fisher, M. E. Am. J. Phys. 1964, 32, 343-346. (b) Smith, T,
Friedberg, S. A. Phys. Rev. 1968, 176, 660—665.
(21) O’Connor, C.J. Prog. Inorg. Chem. 1982, 29, 203.
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isolated chain (eq 1). This model reproduces satisfactorily
the magnetic properties of compound 1 with the follow-
ing parameters: g = 1.876(9), J = —9.3(4) cm™ ', J =
—1.6(1) cm ™" (we fix z = 2, since each chain is connected
to two neighboring chains), and ¢ = 0.58(5) % of the
paramagnetic S = 2 impurity (solid line in Figures 3 and 4).
Note that although this model reproduces very satisfac-
torily the magnetic properties of the title compound, the
fit in the low-temperature region is only slightly improved.
The low value of the J/J' ratio (ca. 6) may be at the origin
of this difference, since the molecular field approximation
requires a J/J' ratio of at least 10. Furthermore, a close
inspection of the interchain connections shows two dif-
ferent possible exchange pathways. Thus, each Cr(II) ion
is connected to three Cr(II) ions of the neighboring chain
through —O—P—O— bridges. The connection with the
central one of these three ions is made through a double
—O—P—0O— bridge, whereas with the other two Cr(II)
ions, the connection is made via a single —O—P—0O—
bridge. Finally, the magnetic model used is based on the
crystal structure determined at room temperature. Inter-
estingly, in the title compound, there is an important
Jahn—Teller distortion located in the main intrachain
exchange pathway. Since the thermal variation is expec-
ted to strongly affect this distortion (bond distance and
angle), the magnetic coupling through it is also expected
to undergo an important variation when the temperature
is lowered.

As expected, both models confirm the presence of intra-
chain antiferromagnetic interactions and of a small amount
of paramagnetic impurities. In order to explain the mag-
nitude and sign of the intrachain coupling, J, we have to
consider the previous magneto-structural correlations
established for double oxo-bridged metal ions. Although
such correlations have not been done for Cr(Il) ions
(given the very reduced number of oxo-bridged Cr(II)
comlexes), we can use the ones established for Cu(Il)
complexes (d”) since in both ions the magnetic orbital is
the e, (d.%). These correlations indicate that the main
parameters determining the magnetic coupling are the
M—0 bond distance and the M—O—M bond angle.*
Two very different oxo bridges (the water molecule, O3,
corresponding to the Jahn—Teller elongated axis and a
phosphonate oxygen atom, O1) are present in the title
compound. The structural parameters of these two oxo
bridges (Cr—O1 = 2.084(2) A and Cr—03 = 2.607(2) A
with Cr—O3—Cr and Cr—O1—Cr bond angles of 82.5(1)°
and 111.18(15)°, respectively) indicate that the magnetic
coupling through them should be weak and antiferro-
magnetic in both cases, in agreement with the experimen-
tal value found in the title compound. Unfortunately, the
title compound 1 is the only magnetically characterized
1D Cr(IT) complex with a double oxo bridge, and there-
fore, neither a comparative study nor magneto-structural
correlation can be done.

Finally, in order to check the presence of any long-
range ordering at low temperatures (due to a spin canting
inside the chain as a consequence of the Jahn—Teller
distortion and/or the inclination of the Cr(II) octahedra),
AC measurements at different frequencies and isothermal

(22) Chiari, B.; Helms, J. H.; Piovesana, O.; Tarantelli, T.; Zanazzi, P. F.
Inorg. Chem. 1986, 25, 2408-2413.
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hysteresis measurements at 7= 2 K have been performed
(see the Supporting Information, Figure S4). These mea-
surements show no sign of long-range ordering (no AC
peaks and no hysteresis cycles are observed above 2 K).*

Conclusions

A novel crystalline form of Cr(II) methylphosphonate
dihydrate has been synthesized and structurally character-
ized. Unlike most Cr(II) phosphonates, the crystals were of
sufficient size and of quality to allow single-crystal structure
determination by X-ray diffraction. The title compound
is layered, but it features a different crystal structure from
those of Mn(II), Fe(II), Ni(II), and Co(Il) analogues. The
chromium(II) ion is six-coordinated by oxygens (4 + 2) to
form an elongated octahedron. This stereochemistry of the
Cr(II) ion (high-spin d* configuration) is due to the Jahn—
Teller effect, which also affects the magnetic properties. The
[CrOg] chromophore, the [CH;PO5*", ligand and a water
molecule build unprecedented one-dimensional metal oxide
chains where each Cr*" octahedron is connected to its two
neighbors, forming edge-sharing octahedra running along
the b axis. The chains are connected with the neighboring
ones by phosphonate groups, thus forming inorganic layers
parallel to the ab plane that alternate along the ¢ axis with
bilayers containing the methyl groups of the ligand and water

(23) Rojas, D. P.; Rodriguez Ferndandez, J.; Espeso, J. I.; Gomez Sal, J. C.
Physica B 2009, 2938-2941.
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of crystallization, the latter held together by a H-bonding
network. This is, to our knowledge, the first example of a one-
dimensional chromium(II) oxide polymer bridged by phos-
phonate anions and by a water molecule.

The magnetic properties of this new compound show one-
dimensional AF magnetic behavior with weak antiferroma%-
netic intrachain exchange interactions (J = —9.3(4) cm™ ')
that can be attributed to a Cr(II)—Cr(II) interaction through
the double oxo bridge via a superexchange mechanism. At
low temperatures, no long-range magnetic order is observed.
This behavior can be rationalized on the basis of the 1D
character of the crystal structure.
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