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Recent developments in the chemistry of polyoxovanadium
clusters reflect their relevance to bioinorganic chemistry,!-3
geochemistry,*5 sol-gel chemistry,%’ and catalysis and materials
science.’-1® While the “naked” isopolyanions [V,0,]* have
historically constituted the major focus of attention,!!2 more
recent investigations have revealed an extensive coordination
chemistry, in which one or more cluster oxo groups have been
replaced by organic ligands.!* The polyoxoalkoxyvanadium
clustersarerepresented by tetranuclear,!4!5 hexanuclear,'6-1°and
decanuclear species,2%2! constructed from edge-sharing of {VOg}
or {VO;L} octahedra and containing fully oxidized V(V) cores,
or fully reduced V(IV) cores, or mixed-valence V(V)/V(IV)sites,
depending on the method of synthesis. While the “naked”
polyoxovanadates are characterized not only by large mixed-
valence aggregates constructed from edge-sharing of {VOs} square
pyramids, such as [V3404,]!%- 2 and [V 504;(OH)s]%-,23 but also
by fully oxidized compact clusters formed from edge-sharing of
{VOg} octahedra and exhibiting a trend of increased nuclearity
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Figure 1. The structure of [V;s02{(OCH,);CCH,H}s(H20)4] (1),
showing the atom-labeling scheme.

coupled to decreased cluster charge, as illustrated by the series
[MgO151%-, [M16025]6, and [M;1014]3-,24 aggregates of nuclearity
greater than 10 have proved elusive for the V/O/RO- system.
However, by exploiting the technique of hydrothermal synthesis,
a unique neutral polyoxoalkoxyvanadium cluster with a hexa-
decametalate core, [V15020{(0CH2)3CCH20H}5(H20)4]'3H20
(1:3H,0), has been isolated. Curiously, the V4 core of 1.3H,0
does not adopt the neutral {V;6040} framework constructed by
capping two faces of [VioAzs]% with §{(u-O)V=0}32* units, as
might be predicted by analogy to [V;3034]3- and the putative
[V16040]%,2* but rather a less compact neutral {V40,z} core formed
by the condensation through four corner-sharing interactions of
two {V3O0,4} cores, formally generated by the removal of two
adjacent {VO,} polar caps from each of two {V 00,3} clusters.

While the hydrothermal reaction of a mixture of vanadium-
(IIT) oxide, vanadium(V) oxide, pentaerythritol, and (CH3),-
NHCI in H;O at 150 °C produces the decavanadium cluster
(MC;NH)z[V]00]4(0H)2{(0CH2)3CCH20H}4]'2H20,2] the re-
action of V,0s, V,03, C(CH,0OH),, Me,NH,Cl, EtNH;Cl, and
H,;O at 170 °C for 48 h yields light green crystals of
[V16020§(OCH;)3:CH,;0H}3(H,0)4]-:3H,0 (1-:3H,0) in 20%
yield. The infrared spectrum of 1.3H,0 exhibits bands in the
1000-1200-cm-! region characteristic of the tris(alkoxide) ligand
and strong absorbances at 966 and 913 cm-! associated with
»(V=0) and »(V=0...V), respectively.

As shown in Figure 1, the structure of 126 consists of two
[VsOs§(OCH,);CCH,0H},(H,0),]4* (1a) units connected
through four u2-oxo groups. The topology of each [VOsf(OCH,)s-
CCH,;0H}4(H,0),]** motifis clearly related to the decametalate
core {V00,3s} by removal of two of the polar capping {(u-O) V==0}
groups. Face to face condensation of two of the [V3Os{(OCHS) ;-
CCH,;0H}4(H,0);]** units through four u2-oxo groups produces
the neutral core of 1. Twenty doubly-bridging and four triply-
bridging oxo groups of the hypothetical {V,50Q4s} core have been
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Figure 2. Polyhedral fepresentat'ion of the {V,¢04s} core of 1, highlighting
the two types of triangular faces of the framework occupied by the oxygen
donors of the tris(alkoxy)ligands.

replaced by alkoxy donors from the eight tris(alkoxy) ligands. In
addition, there are four aquo ligands sited on the two exterior
vanadium centers of the central hexavanadium ring of each
[VsOs§(OCH,);CCH,;OH}4(H,0);]** layer and directed toward
the interlayer region. On consequence of the aquo coordination
is that the two [VsOs{(OCH,);CCH,0H}4 (H;0),]4* layers do
not align with the hexavanadium ring of one unit directly above
the hexavanadium face of the second but with the layers sheared
via a parallel displacement to produce four {V—O==V} interac-
tions with long-short V-O distances.

Within each [V3Og{(OCH,);CCH,0H}, (H,0),]4* subunit,
the {VOq¢} octahedra aggregate by edge-sharing into a compact
arrangement, while the two octavanadium units are interconnected
by corner-sharing of four pairs of vanadium octahedra. This
arrangement produces an unusual central {V,O4} parallelepiped
with two pairs of short V-V distances (2.671(5) and 2.684(5) A
compared to a range of 3.03-3,30 A for the distance between
other V-V pairs). The vanadium centers involved in these short
interactions are also displaced from the planes through the
hexavanadium rings into the region between two 1a structural
units, so as to produce short V-O distances to the four oxo groups
bridging these units.

We have noted previously in the structures of the [V4Oig_3,
{(OCH,);CR},]*- and [V6025-3.{(OCH;);CR},]*- classes of
polyoxoalkoxyvanadium clusters!6-2! that the preferred substitu-
tion pattern of the tris(alkoxide) ligands adopts a bridging mode
between three metals in a triangulo arrangement, so as to cap the
triangular faces of the tetrahedral cavities of the metal-oxide
framework (Figure 2). Such an arrangement in the case of 1
would limit tris(alkoxide) occupancy to six sites. However, by
adopting a ligation mode of alternating occupancy of triangular
cavities, which bridge three V sites, and of triangular faces of the
central vanadium sites of each hexavanadium ring, thus bridging
such vanadium sites to four adjacent vanadium centers, eight
alkoxide ligands are accommodated about the framework.

Calculated valence sums?? for the sites of 1 confirm that all
are V(IV) centers. Whilethe twoshort V-V distances associated
with the central sites are relatively uncommon for V(IV) sites,
which unlike Mo(V) species rarely exhibit pronounced metal-
metal interactions,!! similar pairing has been observed for
[V34053]'% 22 and monoclinic VO,, where distances of 2.62 A
have been reported.28

Variable temperature solid-state magnetic susceptibility studies
were performed on powdered samples of 1:3H,0 in the range
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Figure 3. The magnetic susceptibility of 1.3H,0 plotted as a function
of temperature over the 2-300 K temperature range. The curve drawn
through the data is the fit to the theoretical model as described in the
text. The inset illustrates the inverse magnetic susceptibility plotted as
a function of temperature, and the line through the data in the inset is
the result of the Curie-Weiss fit as described in the text.

2-300 K (see Figure 3). The high-temperature magnetic
susceptibility data (T > 200 K) exhibits Curie~Weiss paramag-
netism.?? While the effective magnetic moment of the cluster is
ca. 6 up at room temperature, extrapolation of the data reveals
that a higher moment would be realized at higher temperature.

The broad maximum at lower temperatures is expected for
short-range antiferromagnetic interactions and is consistent with
magnetic exchange within theshort-contact V(IV) binuclear units
while the remaining V(IV) centers would be expected to show
more of a paramagnetic behavior that results from significantly
less magnetic exchange. The behavior of the two pairs of V(IV)
ions and the 12 paramagnetic V(IV) sites, corrected for a
molecular exchange field, is illustrated in Figure 3 as a smooth
curve.

A noteworthy characteristic of 1:3H,0 isthe loss of both lattice
and coordinated water at the relatively low temperature of 230
°C, without significant decomposition as monitored by infrared
spectroscopy and X-ray powder diffraction. To determine if it
were possible for small molecules to access the internal void volume
of samples thus treated, water absorptionisotherms were measured
on material degassed at 200 °C under vacuum. The type 1
absorption isotherm,® a characteristic common to many poly-
oxoanions,’! showed absorption of 5-6% water, indicating that
water can readily penetrate the internal volume of crystals of this
material, that the dehydrations are reversible, and that coordi-
natively unsaturated V(IV) sites of the cluster are accessible to
substrate molecules. Further investigations of the substrate
absorption and reactivity properties are in progress.
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