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Polyoxometalates have received long-lasting research interest (a) \ / a
because of their esthetically appealing structures and wide-ranging
applications in catalysis, coatings, pigments, smart materials,
luminescence, electrochemistry, biochemistry, and medicine.
the large polyoxometalate family, polyoxovanadates, especially the
mixed-valence clusters, form one of the most interesting subgroups
due to their known abilities to catalyze redox reactions and to act
as cathodes in lithium batteriésvanadate clusters in aqueous
solutions have been studied extensively, and the reported structures
include (V500)%7, (V5014)*~, (Vs014)*, (V12032*", (V130:4)%",

A
ek

(V15042)°~, and (HV16030)"~.2 Most of these clusters exhibit the (b)
closed sphere-like structurésnd only (M,0z32)* has an open, % %
bowl-shaped framework that can act as a R63thus far, most %

polyoxovanadates have been synthesized in aqueous solution or 8 '_H“u_%

under hydrothermal conditions, which may limit further research

in this area. New synthetic routes, especially those in organic media % z'

with soluble vanadium precursors, are worth exploring, for they -r % % ‘30

may lead to the assembly and construction of new vanadate clusters Q Q P

containing different compositions and frameworks. . C o
In this communication, we report the first tetradecavanadate Figure 1. (a) Floral basket-shape tetradecavanadate clustewith large

synthesized from organic solution. This mixed-valence vanadium openings below the basket handle. (b) Cluster display the hexagonal

compound displays an unprecedented half-open basket-shape Iose+pack|ng (left) and form infinite one-dimensional channels (right). The

h . . L . N cations are omitted for clarity.
structure and gives an intense blue luminescent emission in solution.

The compound [EN]s[V1403Cl] (1) was obtained from the  has previously been observed in polyoxovanadate clusters with
reaction of VQ(acac), BN, and E{NCI in CHCN and was  pollow structure$. These molecular oxides make closed cages,
crystallized from DMF solution. We employed @cac) as a  which prevent the guests from coming out of the host shells.
soluble VQ* source and the amine as a Lewis base to adjust the However, the \,Os shell in 1 has a half-open structure, which
reaction conditions. The compoudds air-stable both in the solid  may offer a path for the guest to exchange with other ions. To our
state and in solution at room temperature. Single-crystal X-ray knowledge, these kinds of half-open basket polyoxovanadates,
analysié reveals that compourtis composed of §V140s6} cage, which can be viewed as intergradation from open bowl-like to
a chloride anion, and five @YI* cations. In the cage, the vanadium  closed cage structures, have never before been reported in poly-
atoms are all five-coordinated with the ¥YGquare pyramid  oxometalate chemistry. Furthermore, the crystal packing of com-
coordination geometry and are divided into four groups according pound1 is also interesting. As shown in Figure 1b, compound
to their coordination with different bridging oxygen atoms-( can be described as a microstructured pseudohexagonal aggregate.
oxygen oruz-oxygen atoms). These distorted Y&juare pyramids ~ Seen from the [001] axis, th¢V140s¢} clusters display an
constitute the novel half-opefiV140s¢} shell configuration by {ABAB...}-type of close-packed layers forming hexagonal close
sharing edges and vertexes through«:@xygen and 12s-oxygen packing (hcp). Every six clusters run along the 3-fold axis to form
atoms. Unlike most known polyoxovanadate clusters that exhibit infinite one-dimensional channels, where the tetraethylammonium
closed sphere-like structures, tfilé14036} shell contains two large  cations reside between the layers as well as inside the channels to
openings at the surface, which makes it resemble a floral basket,counterbalance the negative charges of clusters and to stabilize the
as shown in Figure 1a. These two large openings below the handlestructure ofL.6 The diameter of the inside pseudohexagonal “pore”
of the basket both exhibit the irregular 10-membered rings is about 9.831 A, while the distance between the opposite central
consisting of V and O atoms. The longest distances between thechloride anions of clusters in the channel is about 16.26 A. As
diametrically opposed atoms in the two openings are 5.736 (Figure estimated by the PLATON programgompoundl has a large
1a) and 5.744 A (not shown), respectively. Thé,0sq shell is accessible void accounting for 64.7% of the crystal volume, which
a highly irregular cage, whose only symmetry element is a 2-fold may be attributed to the large space between the mutually repulsive
axis, which makegV1403¢} a chiral cluster. The space group of cluster anions.
the whole compound is noncentrosymmetric with the flack polarity =~ The assignment of the oxidation states for the vanadium atoms
parameter of 0.01(4). Encapsulated in the open cavifyvgiOss} is consistent with the electric charge and confirmed by bond valence
is a chloride anion, the average-\Cl distance being 3.496 A.  sum calculations. The valence sirss = exp2[(1.803— d)/0.37],
Inclusion of an anionic guest into an anionic molecular oxide host d =V—0 distance in A) for the 14 vanadium atoms are 4.33, 5.02,

Q@/’
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Figure 2. EPR spectra of compourid (a) in solid state and (b) in aqueous
solution.
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state derived from an oxide-to-vanadium charge transti§n®
Note that luminescence properties have rarely been reported for
vanadium oxide clusters.

In summary, we have synthesized from organic media a blue
luminescent tetradecavanadate complex with mixed-valence vana-
dium atoms. The results are significant not only for producing a
novel type of polyoxovanadium cluster but also for further
exploration of vanadate clusters through introducing new synthetic
routes. On the basis of the mixed-valence and photophysical
properties, the title compound could be active in photo-oxidation
reactions and a potential photocatalstyhich is worth further
investigation.
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Figure 3. Luminescence excitation and emission spectra of compdund
in aqueous solution at room temperature.

5.01, 4.95, 4.49, 5.07, 5.01, 4.37, 4.98, 5.03, 4.52, 4.96, 5.03, and
5.08. The average value of 4.85 is in good agreement with the
expected bond valence of 4.86 calculated from the composition of
[EtaN]s[V 2'VV12YO36Cl]. Although the vanadium atoms ihare in

the mixed oxidation states, compouhdjives a room temperature
paramagnetic signal with = 1.9549 in the solid state and exhibits
an eight-line hyperfine structuré¥, | = 7/2) withg = 1.9566 in

aqueous solution (Figure 2). The eight-line spectrum suggests that

the two W atoms are indistinguishable in the half-ogér4Oss}

shell through theC, symmetry operation. The broad, weak peaks
may be attributed to small unresolved couplings to vanadium
neighbors of the V sites? The UV—vis spectrum of compound

(0.4 mM in H0) shows a broad absorption band ranging from
500 to 200 nm with three main shoulders at ca. 205, 258, and 314
nm, corresponding to oxide-to-vanadium charge transfer (LMET.
When the concentration is increased to 10 mM, a weak broad band

appears around 900 nm, which is tentatively assigned to intervalence

charge transfer (IVCT, ¥—V>5%).910 With excitation atl = 302

nm, this compound in aqueous solution produces intense blue
luminescence, peaking at 422 nm (Figure 3). Since the excitation
band ofl is comparable with its LMCT absorption bands in BV

vis, it is likely that the origin of the emission involves an emissive
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