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A Heteropolyanion Containing Two Linked Mixed Mo/V Pentadecaoxometalate

Clusters: Structure of [M016V 140354114~
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A novel thirty metal atom mixed Mo/V heteropolyanion has been hydrothermally synthesized and structurally

characterized by single crystal X-ray diffraction.

There has been considerable current interest in the chemistry of
polyoxometalates from both fundamental and practical points of
view.12. Polyoxovanadates have been recently subjected to
intensive study with many structurally characterized examples
now known. Polyvanadate anions of [V;002]6—3 and
[V12032]4—4 are among the well-known examples. Recently,
tridecavanadate [H;2V;3040]>~3 and pentadecavanadate
[V150421°—¢ have been reported. The structure of pentadecava-
nadate, [V15042]°—, containing a central VO, unit, is based on

(a) (?

the well known {XM;,049} o-Keggin structure with two
additional five-coordinate terminal VO3+ units capping the pits
on either side of the Keggin unit which lie on the two-fold axis.
Other closely related structures have also been reported for
heteropolyvanadates. Examples include bicapped {PV4}7 and
monocapped {PV,5}.%2 While the number of polyoxovanadates
containing exclusively VV continues to grow, the chemistry of
reduced polyoxovanadates has also received recent atten-
tion.®~15 In the course of our ongoing exploration of the use of

»

Fig. 1 (a) A ball and stick representation of the structure of the [Mo16V14034]'4~ polyanion. (b) A polyhedral representation of the structure of the

[Mo016V14034]'4~ polyanion. The darker polyhedra represent Mo polyhedra.
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hydrothermal techniques to prepare reduced polyoxomolyb-
dates'® and polyoxovanadates!’-18 of phosphates and phospho-
nates containing organic templates, we have isolated a series of
3-D supercage compounds of reduced polyvanadium phos-
phates containing fragments of known polyoxometalate struc-
tures.!® While hydrothermal techniques have proven well suited
for the preparation and crystal growth of the metal phosphates
and phosphonate materials, this technique has also been
successfully applied for the preparation of poly-
oxometalates.?0-23 Here we report the hydrothermal synthesis
and single crystal investigation of a mixed Mo/V poly-
oxometalate, (Ho,NC,HgNH,)7{MoV!sVV,VV,044]-nH,0 (1
ca. 9) 1 which contains two {MogV-;QO4,} units linked together
by two V=O-V bonds.

Compound 1 was prepared as a minor product by a
hydrothermal method. A mixture of CsVO3, MoO3, H,O3PCH3,
piperazine, 4,4’-dipyridyl hydrate and H,O in the mole ratio of
1.31:1.0:2.52:2.22:1.24:782 was sealed in 23 cm3 Teflon-
lined reactor which was kept at 170 °C for 66 h. Black prismatic
crystals of compound 1 were obtained (ca. 20% based on Mo)
along with a mixture of an unidentified black powder and small
plate-like crystals. The optimum conditions for the preparation
of compound 1 in monophasic form have not yet been found.
EDS analysis of the black prismatic crystals gave an average
value of Mo:V of 1.15. X-Ray analysist revealed the novel
discrete polyanions of [Mo;6V140s4]'4—, piperazinium dica-
tions and lattice water molecules. The polyanion
[Mo16V14054]14— (Fig. 1) contains two {MogV;04;} units
linked together via two V-O bonds. Each of the two
{MogV7O4,} units is structurally similar to the pentadecavana-
date, [V5042]°—, which is based on the x-Keggin structure of
{XO4M 1,036} with two trans capping VO units. Each of the
two clusters contains a central V5+ [V(5) and V(6), respectively]
in a fairly regular tetrahedral environment. The V(5)O,4
tetrahedron has V-O bond distances in the range of 1.64
(1)-1.66 (1) A, and bond angles in the range of 106.7 (6)-115.4
(6)°, and the values for V(6)O, tetrahedron are 1.63 (1)-1.67 (1)
A and 107.2 (6)—114.0 (6)°, respectively. An unusual feature of
compound 1 is the replacement, in an ordered fashion, of sixteen
out of the thirty total metal sites by molybdenum as compared
to the { V504, } structure. The number of Mo sites revealed by
X-ray analysis is consistent with the result of EDS analysis
which gave an average value of Mo:V of 1.15. The sixteen
MoVt occupy the metal sites in such a way that the layers of
vanadium oxide and molybdenum oxide alternate [Fig. 1(b)].
While all the MoV! have a distorted octahedral environment,
vanadium displays four different coordination environments
including tetrahedral, square pyramidal and distorted octahe-
dral. A fourth type of coordination geometry, which V(2) and
V(4) centres possess, does not fall into any of the well defined
geometries. Another unusual feature of the structure is the
presence of all vanadium in reduced form VIV [except the two
central tetrahedral ones which are VV], whereas all the
molybdenum are in the 6+ oxidation state. This observation of
the oxidation states for molybdenum and vanadium are
consistent both with the charge requirement of the cluster and
the valance sum calculations?* on both the molybdenum and
vanadium centres. The most unusual feature of compound 1 is
the linking together of the two identical {M;504;} halves
through two of the capping VO units [V(2) and V(4)]. Each of
the two V centres, V(2) and V(4), forms an additional V-O bond
with the vanadyl oxygen atoms, O(32) and O(31), with bond
distances of V(2)-0(32) of 2.06 (1) A and V(4)-O(31) of 2.07
(1) A. The formation of these two additional bonds results in a
slight increase of the bond length of V(2)-O(31) and V(4)-
0(32), which are 1.66 (1) A and 1.68 (1) A, respectively,
compared to the average value of 1.61 (1) A for other terminal
oxygen atoms. The coordination environment around V(2) and
V(4) cannot be easily described with known geometries, but
most closely resembles a distorted trigonal prism. To the best of
our knowledge, this geometry has not been observed in other
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polyoxovanadates. The two V centres are separated by a
distance of 2.879 (4) A.
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Footnote

t Crystal Data for 1: Monoclinic, P2,/c, a = 20.435 (6), b = 25.067 (7),
c=20498 () A, and B = 93.95 (3)°, V = 10458 (4) A3, Z = 4. A black
prismatic crystal with dimensions of 0.2 X 0.3 X 0.3 mm was mounted on
a glass fibre. Data were collected on a Rigaku AFC7R four-circle
diffractometer at 20 °C in the range of 5° < 26 < 50° using an ® scan
technique. No decay of the crystal was observed throughout the data
collection. A total of 14226 reflections was collected of which 8353
reflections with /o = 30(/p) were used. An empirical absorption correction
using the program of DIFABS was applied. The structure was solved by
direct methods (MITHRIL) and refined using teXsan crystallographic
software package of Molecular Structure Corporation. The metal atoms
were refined anisotropically, and the remaining of non-hydrogen atoms
refined isotropically. Structure solution and refinement based on 8353
reflections with I, = 30(/y) and 823 parameters gave R(Rw) = 0.052
(0.059). Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic Data
Centre. See Information for Authors, Issue No. 1.
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