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The hydrothermal reaction of V,0s, MoOs3, NiCl,-6H,0,
enMe (1,2-diaminopropane) and H,O produces
[{(H0)Ni(enMe),Mo" ;Mo , VIV5(VY04)040}2 {Ni(enMe), }]-
[Ni(enMe),]4-8H,O, which is the first compound containing
polyanion dimer linked by transition metal coordination frag-
ment. The structure of this compound was determined by single
crystal X-ray diffraction, EPR and IR analysis.

The chemistry of polyoxometalates continues to attract
interest as a result of their realized and potential applications in
fields as catalysis, material science and medicine."> Recently an
important advance in the metal oxo cluster chemistry is that some
interesting compounds with open framework structures have been
prepared by hydrothermal synthesis.>® These structures are
constructed from some bridge groups and polyanions, such as
[Hzen];[{Cu(en)(OH)2}MosP,023]-4H,0,> [Hyen]y[{Cu(en), }-
MosP,02(0H),]-2H,0,®  [{Cu(en)(Hen)}>MosP,0,3]-3H,0,?
[Ni(en), ][ Ni(en);Mog V19O40(VO4)]-4H,0,* [en]o.s[Cu(en), -
[Cu(en);MogVg04p(M004)]-0.5H,0,*  [Co(en)s][{Co(en), }»-
AsgV1504]-4H,0°  and  NagsKe5s[MogV4036(VO4)(VO), |-
12.5H,0.° To the best of our knowledge, the dimeric structure
of polyoxoanions linked by bridge groups is very limit.” Here we
reported the first heteropolyanion dimer compound,
[{(H,0)Ni(enMe),Mo" sMoY, VIV (VY 04)040}» {Ni(enMe) }]-
[Ni(enMe),]4-8H,O (1),3 containing two mixed Mo/V hepta-
decaoxometalate clusters linked by transition metal coordination
fragment.

Compound 1 was synthesized by hydrothermal method. A
mixture of V,0s5 (0.20 g), MoOj3 (0.32 g), NiCl,-6H,0 (0.26 g),
enMe (0.16 g), and H,O (20ml) in a molar ratioof 1 : 2 : 1 : 2 :
1000 was stirred for ca. 10 min in air, and then was transferred and
sealed in a 30 ml Teflon-lined stainless bomb. After heated to
160°C under autogenously pressure for 48h, the bomb was
cooled down to room temperature. Black block crystals of
compound 1 were filtered off, washed with water, and air-dried at
room temperature (ca. 20% yield based on V). Anal. Calcd. for
CaoHi60M0j6N2gNizOgs Vig: C, 9.19; H, 2.94; N, 7.15; Ni, 7.48;
V, 16.71; Mo, 27.97%. Found: C, 8.37; H, 2.45; N, 7.07; Ni, 7.29;
V, 16.08; Mo, 27.54%. IR spectrum: 972 and 955 cm™" (Vy—o);
840 and 675 cm™! (Vy_o_m) M=V or Mo).

The X-ray analysis reveals that the compound 1 consists of
the novel [{(H,O0)Ni(enMe)Mo"sMo¥'yVIVg(VY04)0u40}--
{Ni(enMe),}]3~ (2) polyanion dimer, [Ni(enMe),]** cations
and lattice water molecules. The anion 2 (Figure 1) contains two
[(H,0)Ni(enMe),MoVsMoY1, VIVg(VV04)040]°~ (3) units and
one bridged [Ni(enMe),]** group. Each unit 3 is a reduced
[MoVIuMoVY,VIVg0,40(VO4)]’~ (4) polyanion supported by
transition metal complex [Ni(enMe),(H,0)]**. The anion 4 is

Figure 1. The view of the polyoxometalates dimer
[{(H,0)Ni(enMe)sMo" 4 MoV V!Vg(VV 04)040}2 {Ni(enMe) } ¥~

based on the ov-Keggin structure of [XM,040]"~ with four trans
five-coordinated capping VO?* units. Compared to the first tetra-
capped Keggin structure [MogVgQO4o(PO4)]’~,° each anion 4
contains a central V3% in an almost regular VOy tetrahedron with
V-0 distances in the range 1.687(9)-1.703(9) A, bond angles of
108.7(4)-110.5(4)°. All atoms in anion 4 are order, while some
Mo, V and O atoms in [MogVsOu(PO4)]>~ are disorder. All the
Mo atoms in 4 have a distorted octahedral environment, while V
atoms, except the central VOy, display two different coordination
environments: square pyramidal and distorted octahedral. The
Mo-O and V-O bond lengths are in the range of 1.674(9)-
2.443(9) and 1.581(11)-2.444(10) A, respectively, comparable to
those found in capping-Keggin structures. The cage of anion 4
consists of a central Vg ring constructed from four VOs pyramids
and four VOg octahedra, and two Moy rings bonded above and
below this Vg ring (Figure 2). There are two reduced Mo atoms in

Figure 2. The polyhedral and ball-and-stick representation of the
2-D layered structure of the compound 1 along ¢ axis. The deep grey
polyhedrons represent the VOs pyramids and VOg distorted
octahedra, and the light grey polyhedrons represent the MoOg
octahedra.
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each Moy ring of 4, while only one reduced Mo atom in Moy ring
of [MogVgO.4o(PO4)]’~. One remarkable difference between
anion 4 and [MogVgOy4o(PO,)]°~ is that anion 4 acts as a ligand
toward Ni(1), to give a novel polyanion 3. Two identical anions 3
are further linked together via Ni(4)(enMe), bridging group in the
linkage of -V=0-Ni—-O=V-to form dimer 2. In anion 3, the bond
lengths for Ni(1)-0(32), Ni(1)-Ow(3) and Ni(1)-N are 2.120(9),
2.120(14) and 2.071(18)-2.124(17) A, respectively. The Ni(4)—
0(39) distance is 2.105(9) A and the Ni(4)-N length ranging from
2.041(19)-2.118(18) A in dimer 2.

As shown in Figure 2, the dimeric anion 2 as building blocks
links together through trans-O,Ni(2)(enMe), and trans-
O,Ni(3)(enMe), groups to give 2-D layered structure. The
thickness of the layer is just the length of the dimer. It is worth
noting that each Ni atom of the Ni(2)(enMe), and Ni(3)(enMe);
groups is coordinated to two different oxygen atoms from two
adjacent 2, respectively; one oxygen atom is a terminal oxygen of
V=0 group, another is a sharing bridged oxygen from two MoOg
octahedra. The distances for (13-O)-Ni (3.164(8), 3.547(8) A)
and (,-O)-Ni (2.726(10), 3.124(10) A) represent very weak
interactions between anion 2 and trans-Ni(enMe), groups. To our
knowledge, the linking mode between anion 2 and trans-
Ni(enMe), groups has not been reported before.

The assignment of the oxidation state for the metal atoms is
consistent with the electric charge and confirmed by bond va-
lence sum calculations. The BVS!? values of the V(1)-V(9) are
4.15,4.28,4.17,4.18,4.13,4.03,4.01, 3.99 and 5.30 respectively,
clearly indicating that the oxidation state of V(1)-V(8) is +4,
while V(9) is +5. The BVS!? values of the Mo(1)-Mo(8) are 5.46,
5.47,5.29, 5.54, 5.46, 5.56, 5.33 and 5.28, respectively, which
indicates that the Mo atoms of compound 1 is mixed valence. The
average value for calculated oxidation state of Mo is 5.42,
consistent with the formula of 1.

The EPR spectra of 1 at room temperature and liquid nitrogen
temperature show no signals for Mo>* and V**. The lack of
signals for Mo>* and V** indicates that the 12 electrons of the
polyanion unit [MoY4MoY1,VIVg(VVY0,4)040]"~ are in spin-spin
coupling.
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