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Two novel organic−inorganic hybrid compounds based on Anderson-type polyoxoanions, [Cu2(bpy)2(µ-ox)][Al-
(OH)7Mo6O17] (1) and [Cu2(bpy)2(µ-ox)][Cr(OH)7Mo6O17] (2), have been synthesized and characterized by elemental
analyses, IR, and X-ray powder diffraction. The crystal structures of 1 and 2 have been established by single-
crystal X-ray diffraction, which reveals the presence of 1D chains constructed of alternating Anderson-type
polyoxoanions and oxalato-bridged dinuclear copper complexes for both compounds and extensive hydrogen bonding
that plays an important role in the formation of the 3D supramolecular network structures of 1 and 2. To elucidate
the electronic properties and magnetic properties of the metal ions (Cu2+ or Cu2+ and Cr3+), EPR studies and
magnetic susceptibility studies have been performed, respectively. The results are consistent with the structural
feature of these compounds.

Introduction

The rational design and synthesis of organic-inorganic
hybrid materials possessing unique architectures and coop-
erative functional properties has been attracting considerable
attention,1 and so far, many organic-inorganic hybrid
compounds have been reported.2

It is noteworthy that the polyoxoanions of polyoxometa-
lates (POMs) have been extensively employed as inorganic
building blocks for the construction of fancy 1D, 2D, and
3D organic-inorganic hybrid materials.3 The evolution not
only rests with variability of charges, shapes, and sizes at

the molecular level for the polyoxoanions but also lies in
their intriguing topologies and the wide range of potential
applications in catalysis, medicine, electrical conductive, and
magnetic materials.4 To date, a number of hybrid materials
constructed of well-defined polyoxoanions, such as Keggin,5

Wells-Dawson,6 and Lindquist7 types, have been reported.
In contrast, the use of Anderson-type polyoxoanions as
inorganic building blocks in this aspect has not been widely
explored.8 It is well known that the Anderson-type poly-
oxoanions exhibit attractive planar structures. In addition,
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each Mo (or W) atom has two terminal oxygen atoms with
high reactivity,9 which may facilitate the construction of
novel hybrid compounds.

On the other hand, a number of dinuclear copper com-
plexes with oxalate bridging ligands have been largely
structurally characterized and magnetically studied in the
coordination chemistry field in the past few years,10 because
the oxalate group has shown to be an excellent bridging
ligand to mediate magnetic exchange interactions between
metal ions that are even far away from each other.11 Recently,
some hybrid compounds, which are assembled by poly-
oxoanions and oxalato-bridged dinuclear copper complexes,
have been reported to display interesting magnetic properties,
but the polyoxoanions are limited in monosubstituted Keggin-
type [SiW11O39Cu(H2O)]6- only.12 Therefore, it will be of
great impetus to research whether the oxalato-bridged
dinuclear copper complex can interact with other types of
polyoxoanions to obtain novel hybrid compounds. We
isolated two novel organic-inorganic hybrid compounds,
namely [Cu2(bpy)2(µ-ox)][Al(OH)7Mo6O17] (1) and [Cu2-
(bpy)2(µ-ox)][Cr(OH)7Mo6O17] (2), which are constructed of
1D chains of the Anderson-type polyoxoanions and the
dinuclear copper complexes with oxalate bridging. The
compounds represent the first successful example of integrat-
ing oxalato-bridged dinuclear copper complexes and Anderson-
type polyoxoanions. Herein, the syntheses, structures, EPR,
and magnetic property studies for the compounds have been
reported.

Experimental Section

Materials and Methods. All of the reagents and solvents were
purchased from commercial sources and used as received without
further purification. Elemental analyses (C, H, and N) were
performed on a Perkin-Elmer 2400 CHN elemental analyzer. Cr,
Al, Cu, and Mo were determined by a Plasma-Spec(I) ICP atomic

emission spectrometer. IR spectra were recorded in the range of
400-4000 cm-1 on an Alpha Centaurt FTIR spectrophotometer
using KBr pellets. Powder X-ray diffraction measurements were
performed on a Rigaku D/MAX-3 instrument with Cu KR radiation
in the angular range of 2θ ) 3-50° at 293 K. The electron
paramagnetic resonance (EPR) spectra (X-band) were recorded on
a Japanese JES-FE3AX spectrometer at room temperature (290 K)
and liquid-nitrogen temperature (77 K), respectively. Magnetic
susceptibility data were collected over the temperature range 300-2
K at a magnetic field of 1000 Oe for1 and 5000 Oe for2 on a
Quantum Design MPMS-5 SQUID magnetometer.

Synthesis of [Cu2(bpy)2(µ-ox)][Al(OH) 7Mo6O17] (1). Both the
complex [Cu2(bpy)2(µ-ox)]2+ (A) and the Anderson-type anion
[Al(OH)7Mo6O17]2- (B) were prepared in situ.8a,b,12 In a typical
synthesis procedure forA, a 10 mL methanol solution of 2,2′-
bipyridine (0.093 g, 0.6 mmol) and a 10 mL aqueous solution of
oxalic acid (0.0375 g, 0.3 mmol) were added dropwise to a 20 mL
aqueous solution of CuCl2‚2H2O (0.102 g, 0.6 mmol). ForB, 0.9
g (3.72 mmol) of Na2MoO4‚2H2O was dissolved in 30 mL of water
followed by the addition of 5 mL of glacial acetic acid and 10 mL
of an aqueous solution containing 0.36 g of AlCl3‚6H2O (1.5 mmol)
with stirring. The pH of the solution was adjusted to 2.6 with a
dilute HCl solution (3M). The solution ofA was quickly added to
that ofB with stirring. A blue precipitate formed, and the resulting
solution pH remained at 2.6 and was stirred for a while. The mixture
was filtered; the filtrate was allowed to evaporate at room
temperature. The blue block crystals of1 were obtained within 4
days in about 68% yield (0.641 g, based on Mo). Anal. Calcd for
C22H23AlCu2Mo6N4O28: C, 17.37; H, 1.52; N, 3.68; Al, 1.77; Cu,
8.36; Mo, 37.84. Found: C, 17.17; H, 1.35; N, 3.51; Al, 1.63; Cu,
8.43; Mo, 37.69. IR (KBr, cm-1): 3446 (br), 1646 (s), 1626 (m),
1570 (m), 1496 (w), 1471 (m), 1445 (m), 1344 (m), 1313 (m),
1251 (w), 1164 (w), 1105 (m), 948 (m), 918 (s), 771 (m), 733 (m),
660 (s), 598 (m), 468 (m), and 435 (m).

Synthesis of [Cu2(bpy)2(µ-ox)][Cr(OH) 7Mo6O17] (2). The
synthesis of the complex [Cu2(bpy)2(µ-ox)]2+ (A) of 2 was prepared
following the procedure described above. For the Anderson-type
polyoxoanion [Cr(OH)7Mo6O17]2-13 (C), 0.9 g (3.72 mmol) of
Na2MoO4‚2H2O was dissolved in 30 mL of water, and the pH of
the solution was carefully adjusted with a dilute HCl solution (3M)
to approximately 4.5. Then a solution of CrCl3‚6H2O (0.3 g, 1.12
mmol) in water (10 mL) was added. The solution ofA was added
into that ofC with stirring. Immediately, blue precipitate formed,
and the resulting solution pH was about 2.6. The mixture was stirred
for 30 min and then filtered. The filtrate was kept for 5 days at
ambient conditions, and blue block crystals of2 were isolated in
about 54% yield (0.518 g, based on Mo). Anal. Calcd for C22H23-
CrCu2Mo6N4O28: C, 17.09; H, 1.50; N, 3.63; Cr, 3.36; Cu, 8.22;
Mo, 37.23. Found: C, 16.96; H, 1.43; N, 3.48; Cr, 3.48; Cu, 8.10;
Mo, 37.35. IR (KBr, cm-1): 3430 (br), 1645 (s), 1626 (m), 1565
(m), 1496 (w), 1445 (m), 1334 (m), 1312 (m), 1251 (w), 1164 (w),
1099 (w), 1035 (w), 949 (m), 920 (s), 769 (m), 728 (m), 655 (s),
587 (m), 475 (m), and 407 (m).

X-ray Crystallography. The reflection intensities of1 and 2
were collected on a SMART CCD diffractometer equipped with
graphite monochromatic Mo KR radiation (λ ) 0.71073 Å) at 293
K. The linear absorption coefficients, scattering factors for the
atoms, and anomalous dispersion corrections were taken from
International Tables for X-ray Crystallography. The structures were
solved by the direct method and refined by the full-matrix least-
squares method onF2 using the SHELXTL crystallographic
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software package. Anisotropic thermal parameters were used to
refine all non-hydrogen atoms. Hydrogen atoms on the 2,2′-
bipyridine ligands were placed on calculated positions and
included in the refinement riding on their respective parent
atoms. All of the hydrogen atoms for protonation were located
in the difference Fourier maps, and their positions were refined
using isotropic thermal parameters. The crystal data and
structure refinement results of1 and2 are summarized in Table 1.
Selected bond lengths and bond angles for1 and 2 are provided
in Tables S1 and S2 in the Supporting Information. The
experimental and simulated X-ray powder diffraction patterns
(XRPD) of both compounds are shown in Figure S5. The
diffraction peaks on both experimental and simulated patterns
match well in position, indicating their phase purity. Additionally,
the XRPD of 1 and 2 are similar, which is in agreement with
their isomorphic structures determined by single-crystal X-ray
diffraction.

Results and Discussion

Synthesis. 1and 2 were synthesized from the solution
reaction of [Cu2(bpy)2(µ-ox)]2+ and the Anderson-type
polyoxoanions, which were both prepared in situ. The
differences in the reaction conditions for the two compounds,
such as the length of stirring time and the presence or absence
of glacial acetic acid, may rely on the intrinsic character of
the polyoxoanions. After plenty of parallel experiments, it
was found that adjustment of the pH of the mixture to 2.6 is
crucial for the syntheses of1 and2.

Crystal Structures. 1 [Cu2(bpy)2(µ-ox)][Al(OH)7Mo6O17]
and 2 [Cu2(bpy)2(µ-ox)][Cr(OH)7Mo6O17] are isomorphic
with similar unit-cell parameters, related bond lengths and
bond angles, and1 is described as an example below. The
asymmetric unit of1 contains one Anderson-type polyoxo-
anion [Al(OH)7Mo6O17]2- and one oxalato-bridged dinuclear
copper complex [Cu2(bpy)2(µ-ox)]2+, as shown in Figure 1.
Further studies reveal that1 is constructed from 1D chains,
which consist of alternating Anderson-type polyoxoanions
and dinuclear copper complexes, running along thec axis.
(Figure 2) The building block [Al(OH)7Mo6O17]2- belongs

to B-type Anderson structure, which consists of seven edge-
sharing octahedra, six of which are [MoO6] octahedral,
arranged hexagonally around the central [Al(OH)6] octa-
hedron. The difference Fourier maps indicate that sixµ3-
bridging oxygen atoms (O1-O6) around the Al3+ ion and a
µ2-bridging oxygen atom (O10) are protonated. The Mo-O
and the central Al-O bond lengths lie in the ranges of
1.698(5)-2.353(5) and 1.879(6)-1.921(6) Å, respectively.
The bond angles of O-Al-Ocis range from 84.4(2) to
95.8(2)° and O-Al-Otransvary from 179.0(3) to 179.5(3)°.
All of the bond lengths and bond angles are within the normal
ranges and are consistent with those described in the
literature.8a,b

The dinuclear copper complex with oxalate bridging in
the usual bis-bidentate fashion is noncentrosymmetric. As
can be seen in Figure 1, there are two independent copper
centers in which Cu1 is five-coordinated in distorted square-
pyramidal coordination geometry and Cu2 is six-coordinated
in elongated octahedral coordination geometry, which are
respectively completed by two oxalate oxygen atoms and
two bipyridine nitrogen atoms at the equatorial sites and one
or two terminal oxygen atoms from the Anderson-type
polyoxoanions at the apical positions with a Cu1‚‚‚Cu2
distance of 5.157(4) Å. Interestingly, the Cu-Ot bond lengths
are obviously different, ranging from 2.476(6) to 3.033(2)
Å, so the complex might be regarded as weakly coordinated
or even noncoordinated to terminal oxygen atoms as a result
of the difference of copper coordination geometry. The
geometry of a oxalato-bridged dinuclear copper complex is
neither classic boat nor chair conformation;14 the oxalate
group and bpy ligands are non-coplanar. The oxalate group
is nearly planar (largest deviation of atoms from the mean
plane is 0.008(8) Å) with a long C-C bond length of
1.568(9) Å. The values of the dihedral angles between the
mean plane and that of Cu1N1N2 and Cu2N3N4 are 18.3(7)
and 13.1(2)°, respectively.

(14) Alvarez, S.; Julve, M.; Verdaguer, M.Inorg. Chem.1990, 29, 4500.

Table 1. Crystal Data and Structural Refinements for1 and2

compounds 1 2

empirical formula C22H23AlCu2Mo6N4O28 C22H23CrCu2Mo6N4O28

M 1521.14 1546.16
T (K) 293(2) 293(2)
wavelength (Å) 0.71073 0.71073
cryst syst orthorhombic orthorhombic
space group Pna2(1) Pna2(1)
a (Å) 14.2454(8) 14.2385(7)
b (Å) 26.2933(14) 26.3312(13)
c (Å) 10.2411(5) 10.2825(5)
V (Å3) 3835.9(4) 3855.1(3)
Z 4 4
Dc (mg/m3) 2.634 2.664
abs coeff (mm-1) 3.112 3.341
reflns collected 19 883 19 912
independent reflns 6149 6772
θ range (deg) 1.55-25.60 1.55-25.59
GOF onF2 1.033 1.024
R1 (I > 2σ(I))a 0.0346 0.0416
wR2 (all data)b 0.0686 0.0831

a R1 ) ∑|Fo| - |Fc|/∑|Fo|. b wR2 ) [∑w(Fo
2 - Fc

2)2/∑w(Fo
2)2]1/2.

Figure 1. ORTEP view of1 with thermal ellipsoids at 50% level. Only
partial atoms are labeled for clarity. Symmetry transformations used to
generate equivalent atoms: #1x, y, z - 1.
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It is striking that the structure of1 exhibits three types of
hydrogen bonds. The first type is intrachain hydrogen bonds
between the protonated oxygen atoms (donors) in AlMo6

polyoxoanions and the oxalate oxygen atoms (acceptors)
within the same chain. The second interchain hydrogen bonds
occur between the protonated oxygen atoms and the terminal
oxygen atoms in neighboring chains, which contribute to the
formation of the 2D layer parallel to theac plane. (Figure
3) Finally, interlayer C-H(bpy)‚‚‚Ot interactions lead to the
3D supramolecular network structure (Figure S1). The typical
hydrogen bond parameters are listed in Table 2. It is believed
that the extensive hydrogen bonding interactions play an
important role in the construction of structure1.

The bond-valence calculations suggest that Al and Cr
atoms are in the+3 oxidation state, all Cu atoms are in the
+2 oxidation state, and all Mo atoms are in the+6 oxidation
state in1 and 2. Bond-valence calculations for all of the
oxygen atoms confirmed the results of X-ray single-crystal
diffraction determination that there are seven oxygen atoms
protonated, respectively.

IR Spectroscopy.The IR spectra of1 and 2 are alike
(Figure S3). In the low-wavenumber regions of the IR
spectra, they display similar characteristic patterns of the
Anderson-type structure,8 with vibrational bands between 890
and 950 cm-1 for the Mo-Ot bonds, between 660 and 740
cm-1 for the Mo-Ob groups, and between 400 and 600 cm-1

for the Mo-Oc units. The characteristic peaks that range from
1100 to 1600 cm-1 are attributed to the 2,2′-bipyridine ligand,
which are of low intensity with respect to those of the
Anderson-type polyoxoanions. The features at about 775
cm-1 are assignable toνas(CO), those at 1313 and 1344 cm-1

are assigned toνs(CO), and the broad absorption at 1646
cm-1 corresponds toν(OCO) of the oxalate ligand in a bis-
bidentate bridging mode.15

EPR Spectroscopy.The X-band powder EPR spectra of
1 and 2 were recorded at room temperature and liquid
nitrogen temperature, respectively, as shown in Figure 4. For

(15) (a) Tuero, L. S.; Garcia-lozano, J.; Monto, E. E.; Borja, M. B.; Dahan,
F.; Tuchagues, J. P.; Legros, J. P.J. Chem. Soc., Dalton Trans.1991,
2619. (b) Thomas, A. M.; Mandal, G. C.; Tiwary, S. K.; Rath, R. K.;
Chakravarty, A. R.J. Chem. Soc., Dalton Trans.2000, 1395.

Figure 2. Polyhedral representation of the 1D chain running along thec axis of 1. All of the hydrogen atoms have been omitted for clarity. Color code:
Al, light orange; Mo, green; Cu, teal; N, blue; C, black; O, red.

Figure 3. Intrachain and interchain hydrogen bonds in1. Color code: Al, light orange; Mo, green; Cu, teal; N, blue; C, black; O, red.
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1, the two spectra consist of a broad signal centered at about
3200 G, as expected for copper(II) systems. At room
temperature, a weak signal at low field around 2000 G is
observed. The resolution in the parallel region of the
spectrum is considerably improved when recorded at the
liquid nitrogen temperature, which should be attributed to

the signal narrowing induced by the increasing spin-lattice
relaxation time. At the same time, the weak signal disappears.
Moreover, at 77 K the values forg| and g⊥ are 2.239 and
2.027, respectively, and the highg| value reveals a low Jahn-
Teller effect associated with the octahedrally coordinated
Cu2+ with the unpaired electron on the dx2- y2 orbital.

The spectra of2 are more complicated in comparison with
those of1 as a result of the presence of different paramag-
netic resonance centers of Cr3+ and Cu2+ ions, (Figure 4).
The coordination geometry around Cr3+ is distorted octahe-
dral, which usually gives rise to the zero-field splitting.16 In
the spectrum at room temperature, the effectiveg valuesg
≈ 4.665, 3.241, and 2.523 may attributed to the electronic
spinS) 3/2 for Cr3+ with large zero-field splitting. The weak
broad high-field signals are also observed with a magnetic
field corresponding tog < 2.8d,17 It is noteworthy that there
is a featureless resonance at theg value centered aboutg ≈
1.995, indicating that it possibly arises from the copper(II)
systems.8b Furthermore, several smaller features are
found at low field. Surprisingly, at 77 K the spectra changes
a lot for Cr3+, with signals centered atg ≈ 3.233 (2030 G)
andg ≈ 1.150 (5720 G). However, the signal for copper(II)
systems atg ≈ 1.981 remains at around 3320 G compared
to that of the spectrum at room temperature with a slight
difference in theg value. It is worth reminding that the
expected hyperfine structure of copper(II) systems at 77 K
is likely to be masked by the relatively stronger intensity of
the signal for Cr3+. Such spectra are associated with relatively
large zero-field splitting, which is consistent with literature
data.18

Magnetic Properties.Thermal evolution of the magnetic
molar susceptibility and theømT product in the temperature

(16) (a) Jacquamet, L.; Sun, Y. J.; Hatfield, J.; Gu, W. W.; Cramer, S. P.;
Crowder, M. W.; Lorigan, G. A.; Vincent, J. B.; Latour, J. M.J. Am.
Chem. Soc.2003, 125, 774. (b) Casellato, U.; Graziani, R.; Bonomo,
R. P.; Di Bilio, A. J.J. Chem. Soc., Dalton Trans.1991, 23.

(17) Rojo, J. M.; Mesa, J. L.; Lezama, L.; Rojo, T.J. Mater. Chem.1997,
7, 2243.

(18) (a) Chakradhar, R. P. S.; Murali, A.; Rao, J. L.J. Alloys Comput.
1998, 281, 99. (b) Golhen, S.; Ouahab, L.; Grandjean, D.; Molinie´, P.
Inorg. Chem.1998, 37, 1499. (c) Pedersen, E.; Toftlund, H.Inorg.
Chem.1974, 13, 1603.

Table 2. Geometrical Parameters of Hydrogen Bonds (anstroms, deg) in1a

D-H‚‚‚Ab d(D-H) d(H‚‚‚A) d(D‚‚‚A) ∠DHA

intrachain O(2)-H(23)‚‚‚O(28)#1 0.924 2.510 3.251 137.49
O(2)-H(23)‚‚‚O(19)#2 0.924 2.185 2.973 142.72
O(3)-H(24)‚‚‚O(14)#3 0.938 2.029 2.834 142.81

intrachain O(1)-H(25)‚‚‚O(27) 0.971 1.951 2.876 158.14
O(10)-H(26)‚‚‚O(7)#3 1.084 1.535 2.604 167.63
O(5)-H(27)‚‚‚O(14)#3 0.878 2.273 2.915 129.86

intrachain O(5)-H(27)‚‚‚O(25) 0.878 2.364 3.081 139.01
intrachain O(4)-H(28)‚‚‚O(26)#1 0.827 2.176 2.941 153.93

O(6)-H(29)‚‚‚O(19)#2 0.830 2.212 2.873 136.74

C(1)-H(1)‚‚‚O(13)#3 0.930 2.472 3.206 135.80
C(6)-H(6)‚‚‚O(18)#4 0.932 2.563 3.271 133.01
C(10)-H(10)‚‚‚O(20)#2 0.931 2.318 3.025 132.39
C(15)-H(15)‚‚‚O(15)#5 0.931 2.568 3.166 122.35
C(16)-H(16)‚‚‚O(21)#6 0.931 2.333 3.203 155.46
C(18)-H(18)‚‚‚O(15)#5 0.930 2.541 3.155 123.92
C(22)-H(22)‚‚‚O(24)#3 0.929 2.433 3.052 124.07

a D ) donor,A ) acceptor.b Symmetry transformations used to generate equivalent atoms: #1x, y, z + 1; #2x - 1/2, -y + 3/2, z; #3 x + 1/2, -y + 3/2,
z; #4 x - 1/2, -y + 3/2, z - 1; #5 -x + 1, -y + 1, z - 1/2; #6 -x + 3/2, y - 1/2, z - 1/2.

Figure 4. X-band EPR spectra of1 (top) and 2 (bottom) at room
temperature (ν ) 9.4410 GHz) and liquid-nitrogen temperature (ν ) 9.2000
GHz), respectively.
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range 300-2 K are shown in Figure S4 and Figure 5,
respectively. As expected, while the structures of both
compounds are similar, there are different magnetic curves
because of the presence of the paramagnetic Cr3+ ion in 2.
At room temperature,ømT values (1, 0.427; 2, 2.188
cm3‚K‚mol-1) are substantially lower than those values
expected for the magnetically uncoupled centers withømT
) µeff

2/8 (1, 0.750;2, 2.625 cm3‚K‚mol-1, assumingg ) 2).
For 1, the value of ømT continuously decreases as the
temperature decreases from 300 to 55 K and remains constant
around 0.015 cm3‚K‚mol-1 below 55K, which is associated
with the paramagnetic impurities. However, for2, upon
cooling the samples, the value ofømT falls around 1.769
cm3‚K‚mol-1 between 75 and 12 K, which is close to one
uncoupled Cr3+ ion, and theømT rapidly decreases below 2
K mostly because of the large zero-field splitting ofS) 3/2
spin of Cr3+ ion, which is in accord with the result of EPR.

The decrease inømT is indicative of antiferromagnetic
coupling in the oxalato-bridged dinuclear copper complexes,
while the plateau corresponds to the Curie law expected for
the paramagnetic impurities or the paramagnetic center Cr3+

ion, which dominates at low temperature with no detectable
interactions between them.

The intramolecular exchange interactions can be repre-
sented by the isotropic spin Hamiltonian equation

whereJ is the exchange integral andSA ) SB ) 1/2. Theøm

may be expressed as eq 2 according to the Bleaney-Bowers
equation for isotropic exchange in the copper (II) dimer.19

This equation has been modified to take into account the
admixture of paramagnetic impurities, whereN, â, andk have
their usual meanings,F is the fraction of noncoupled
impurities,g is theg-factor of the dinuclear copper complex,
and g′ is the g-factor of the Cr3+ in the Anderson-type
polyoxoanion. TheA andB factors correspond to the number
of Cu2+ and Cr3+ ions, respectively, withA ) 2, B ) 0 for
1 and A ) 2, B ) 1 for 2. Because the Cr3+ ions display
relatively large zero-field splitting, we fit theømT curve range
from only 300 to 50 K for2. Moreover, the paramagnetic
contribution of Cr3+ ions may be large enough compared to
the noncoupled impurities, thereforeF was fixed to zero
during the fitting procedure for2.

Least-square fits of eq 2 to the data were performed by
minimizing eq 3, whereNP is the number of data points
andNV is the number of variable parameters.12,20

The best fit results areJ ) -315 cm-1, g ) 2.09, F )
1.8%, andR ) 1.0 × 10-5 for 1 andJ ) -332 cm-1, g )
2.08,g′ ) 1.95, andR ) 3.5 × 10-6 for 2. The observedJ
values of1 and2 are smaller than those previously reported
compounds of coplanar orbital topology.14

Conclusions

In short, the oxalato-bridged dinuclear copper complexes
have been introduced into the Anderson-type frameworks
successfully, which formed two novel organic-inorganic
hybrid compounds. EPR studies of1 display a signal for
copper(II) systems. However, for2, containing both
Cr3+ and Cu2+ ions, the studies show large zero-field
splitting of the Cr3+ ion, and a signal for the copper(II)
systems. Magnetic susceptibility studies reveal the
strong antiferromagnetic coupling in the dinuclear copper
complexes withJ values of-315 cm-1 for 1 and -332
cm-1 for 2. The results of EPR and magnetic susceptibility
studies are in agreement with the structural feature of these
compounds.

This work reveals that the cationic oxalato-bridged di-
nuclear copper complexes were stable in solution and can
be crystallized with Anderson-type polyanions. This fact
implies that the oxalato-bridged dinuclear copper complexes
may interact with many other types of polyoxoanions using
similar procedures. It is hoped that a number of organic-
inorganic hybrid compounds based on this system will be

(19) Wojciechowski, W.Inorg. Chim. Acta1967, 1, 319.
(20) (a) San Felices, L.; Vitoria, P.; Gutie´rrez-Zorrilla, J. M.; Reinoso, S.;

Etxebarria, J.; Lezama, L.Chem.sEur. J.2004, 10, 5138. (b) Reinoso,
S.; Vitoria, P.; San Felices, L.; Lezama, L.; Gutie´rrez-Zorrilla, J. M.
Chem.sEur. J. 2005, 11, 1538.

Figure 5. ømT curves of1 (top) and2 (bottom). Continuous lines display
the results of the least-squares fit to eq 2.

øm ) A[ (1 - F)Ng2â2

kT[3 + exp(-J/kT)]
+ FNg2â2

4kT ] + B
5Ng′2â2

4kT
(2)

R ) {∑
i)1

NP

[øm(exptl)i - øm(calcd)i]
2/(NP - NV)}1/2 (3)

Ĥ ) -JŜA‚ŜB (1)
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isolated soon for further investigation. In fact, we have
already synthesized a series of hybrid compounds built from
rare earth ions, substituted polyoxoanions, and [Cu2(bpy)2-
(µ-ox)]2+ complexes, which will be reported soon.

Acknowledgment. This work was supported by the
National Science Foundation of China (grant no. 20571014)

and the Scientific Research Foundation for Returned Over-
seas Chinese Scholars, the Ministry of Education.

Supporting Information Available: X-ray crystallographic data
for 1 and 2 and additional figures and tables. This material is
available free of charge via the Internet at http://pubs.acs.org.

IC062208C

Organic-Inorganic Hybrids

Inorganic Chemistry, Vol. 46, No. 9, 2007 3547




