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Because of the rich variety of their components, structures, properties of the title compound containing one nanoanion
and properties, significant attention continues to be focused onformulated as [HMos7V¢(NO)sO15o(H20)12(VO)e]*> (14d).
the polyoxometalatic anions in many research fields such as The nanocompoundl. was simply synthesized from the
catalysis, biology, medicine, and materials sciehéehandful acidified aqueous solution of MdoO, and (NH;).Mo0S; 4 and
of mixed-valence nanoscale polyoxomolybdate anfolen- characterized by single-crystal X-ray diffractioas well as by
structed of Mog} or{Mo:7} units, have been reported. However, IR, vis—NIR, solid-state’’V NMR, and ESR spectraConven-
it remains a great challenge to synthesize rationally new nanoscaletional methods including elemental analy$émnd valence sum
materials possessing novel structures and desirable progérties. calculations} and thermogravimetric (TG) measureméntere
Although these nanostructural anions were synthesized generallyalso applied to analyze the compound.
via “reduction—oxidation—reconstitution” self-assembly pro- The X-ray single-crystal structure analysis reveals that the
cessedd3 the so-called “chemical embellishment” has been interesting toruslike nanoanidrawith 6m2 symmetry, exhibiting
recently desirable for the syntheses of more polyoxometalatesan enormous variety of polyhedra (Figures 1 and 2), consists of
(POMs) with unique properties, by the introduction of metal  three largd MoY'15(MoONO),0sg (H20)2} 2% ({ Mo,7}) moieties that
oxygen fragments, organimetallic groups, or small cluster mol- are built up by twd Mog} units and ongMo,} unit. This can be
ecules into known POMs. Prof. Mar et. al. have pointed out  seen nicely in the polyhedral plots. Viewed along the 3-fold
that the three cavities located on the outer spherfgViafs;M¢} rotation axis, ong Mog} building block of the{Mo,7} subunits
(M = Fe, V) can be further blockaded step by step by some and the connectingMo,} unit are hidden. Each of the basic
suitable metatoxygen fragments such 4800}4".2 We have {Mog} units possesses a seven-coordingt®th(NO)Os} pen-
been trying to introduce some special units into the cavities of tagonal bipyramid, which is symmetrically connected to five
{Mos:M¢} (M =V, Fe) and have been successful in introducing {MoOe} octahedra via edge-sharings. Four of thloOg}
six { VO} 3" units to give rise to a new nanocompound formulated octahedra are further linked to the other tfitfdoOg} octahedra
as (NHy)1s[H3Mos7V6(NO)sO189(H20)12(VO)g] :~60H,O (1). In by sharing corners to form thgMog} unit. Three{ MoV (us-O),-
this communication, we report the synthesis, crystal structure, and(u-OH)MoV} 5" cationic centers link the thregMo;7} moieties,
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Obviously, (NH),MoS, plays an important role in the formation tf and~60, respectively. The title compound lost some crystallized water

although the details of the role is yet unclear. when exposed to air.
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the building-block principle, the giant cluster anida can be
described ag[[V"V (H,0) O} { M0V (3-O)a(12-OH)M0V} s{ MoV 15
(MONO),05g(H20)} 5 VVO} 6] 5.

The IR and Raman spectra show that@nd [Mos7Ve(NO)sO1s3
(OH)3(H20)1g]?* ({MosVe}) (2) belong to the same “family”.
In fact, it can be regarded that %O} 3" groups are embedded
in the three outer cavities &, giving rise to the giant aniotha
with some interesting results, such as shrinkage of the outer ring
and violet shift of the IR spectrum. However, the reaction
mechanism still needs to be studied further. The O19 atom is
drawn toward out, while the O6 atom is drawn to the contrary
(compared with that o), resulting in a slight shrinkage of the
angles O(6)Mol—0O(4)#1 and Mo06-019-Mo(6)#3 from
170.7 ?2to 169 and 90 to 87.5, respectively. In addition, these
six embedded vanadium centers have tetrahedral coordination
environments, which have seldom been found in other polyoxo-
molybdates except the keggin anidi¥04)M 1,036 "~ (M = Mo,
W).

The determination of the electronic structure and of the
relatively accurate formula for very large clusters is a general
Figure 1. Perspective drawing dfa (viewed along the 3-fold rotation problem?1° However, by taking into account its crystallographic

axis) (bond lengths in A, bond angles in deg): \H£)(25), 1.79(2); : :
V(2)-0(19), 1.80(2); V(2)-0(6)#3, 1.871(9); V(2}O(6), 1.871(9): data as well as elemental analyses and the thermogravimetric

0(25)-V(2)—0(19), 111.1(9); O(25)V(2)-O(6)#3, 110.4(4); 019y ~ Measurements df the formula (NH)as[{ V" (H,0)O} of MO (uz-
V(2)—O(6)#3, 108.4(4); O(25)V(2)—0(6), 110.4(4); O(19}V(2)— 0)2(u2-OH)M0Y} 35{ M0Y'15(MONO),055(H20)2} 5 VY O} 6] °~
0(6), 08.4(4); O(6)#3V(2)—0(6), 108.0(5). Symmetry transformations  ~60H,0 for 1 was first proposed, then verified via application
used to generate equivalent atoms are the following: {#1} 1, —x + of different physical methods. In anidra, surely six symmetry-
Lz (#)xy, —z+ 1 #3) —x+y+ Ly, z #)—x+y+1-x+ related V2 centers are Wions (they are in a tetrahedral

1,z (#5)—y + 1,x — vy, z (#6) —y, —X, z. Other bond lengths and bond

o : h ; environment, and to our knowledge, no example tf atoms in
angles are within normal ranges; please see Supporting Information.

such an environmetitis reported), which are confirmed by solid
5/ NMR spectrum at room temperatui€The summation of
the exponentially weighed YO bond length® shows that the
octahedral vanadium centers ar® Mvhich has been verified via
ESR spectrunfe The results of théV NMR and ESR spectra
are consistent with its structure in which six tetrahedral vanadium
centers located on the outer sphere a¥e While the other six
octahedral vanadium atoms located on the inner side &re V
The synthesis and characterizationlofight provide useful
/ information for the design synthesis of transition metal oxide
' based materials. It is very likely that the embed@&®} " units
in lamay be replaced by other metalxygen fragments to give
new materials with desirable properties. We are currently trying
to introduce some highly electrophilic groups containing rare earth
metals into the cavities ofMos;M¢} (M =V, Fe). It is also
possible to synthesize the interesting linear layer or even network

Figure 2. Polyhedral representation dfa (viewed along the 3-fold compounds in connection with these relatively large cavities by

rotation axis) showing thEMo,7} subunits, built up by twgMog} units suitable functional groups.

and oneg{Mo4} unit (from this view, anothefMog} and the connecting

{Mog} unit are hidden). ThéMoV (us-O)x(u-OH)MaV} moieties consist- Summary

ing of face-sharing octahedra are marked with parallel lines, the VO (1) The synthesis and characterization Iofrovide useful

tetrahedra are marked with crosses, and the)iO4(H;0) octahedra  j cormation for the design synthesis of POMs with desirable

are blank. The pentagonal Mo(NO) bipyramids have a pattern of dashed . . .

lines, and the other Magoctahedra are regularly dotted. propertlt_es. ) C_hemlcal e_mbelllshment leads to new nanostruc-

tural anionla with some interesting results. (3) Furthermore,

g tetrahedral-coordinated vanadium (V) is first found in nanostruc-

tural polyoxomolybdenum.

part of the anionic frame, are blockaded by six six-coordinate
{VVO(H,O)}?" units (V1 and symmetrical positions), whereas
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