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Introduction
The interaction of pyrophosphate,(®*~) with molybdate

was first investigated many years ago, and the formation of

complexes has been reported by Rosenheim and Sialpiro,

the lack of structural information is probably due to diphosphate
hydrolysis in aqueous solution, which is catalyzed by acid and

molybdate? Until today only the 18-molybdopyrophosphate

[(P207)M010s4]*~ has been structurally characterized by Kortz
and Popé.The synthesis of this polyanion in a mixed aqueous/

organic solvent had been developed by Himeno &tSihce
then Himeno et al.
electrochemical properties of the tetigaropylammonium salts

of a 15-molybdopyrophosphate and a 12-molybdopyrophos-
phate®” As a possible structure for the pentadecamolybdopy-
rophosphate they proposed a lacunary ion with the formula

[He(P207)M01504¢]*~, which is derived from the 18-molyb-
dopyrophosphate ¢Ro1g) missing one cap of M®s.

Experimental Section

The synthesis of Himeno et &lvas followed, but tetrar-butylam-

have reported the spectroscopic and
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Table 1. Crystallographic Data for
(N(C4Hg)a)2Hs[{ (P207)M015045} 2] [PM01204q]
empirical formula  NCssHgiPsM0420144 Wavelength (A)  0.710 73
fw 6982.5 density(calcd) 1.524
space group (no.) 123 (197) (MgT)

unit cell dimensiona = 41.6910(4) A abs coeff (mm) 1.684

vol (A3) 72 464.8(12) R(F,)? 0.085
z 12 Ru(Fo)? 0.242
temp €C) —100

AR = 3 |IFol — IFcll/X|Fol- ® Ry = [SW(Fe? — FA)FTW(Fo)? M2
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Figure 1. Ball and stick representation of (P.0;)M01504s} 2]~ (2).
All bonds of the two pyrophosphate ions are emphasized.

Himeno's original synthesisinvolves precipitation by tetra-
propylammonium bromide (TPABr), and indeed on the basis of our
3P NMR studies, TPA seemed to be the only alkylammonium cation
allowing us to selectively precipitate the 30-molybdobispyrophosphate.
However, when trying to recrystallize this crude product, we were
unable to obtain single crystals of sufficient size for X-ray diffraction.
On the other hand, use of tetnabutylammonium bromide (TBABr)
easily led to large crystals of the 30-molybdobispyrophosphate, but
always cocrystallized with the Keggin ion [PN®aq]®~. Phosphorus-

31 NMR clearly showed that the crude TBA precipitate already
contained the Keggin ion, whereas the TPA precipitate did not,

monium bromide was used for precipitation. Recrystallization of the
product in acetonitrile led to orange crystals suitable for structural
analysis. A block-shaped crystal with dimensions 0:26.20 x 0.15 reaction as a result of partial hydrolysis of pyrophosphate.

mm?® was mounted on a glass fiber for indexing and intensity data  Phosphorus-31 NMR (C{ZN, 293 K) of (N(GHo)a)2Ho[{ (P-O7)-
collection at 173 K on a Siemens SMART-CCD diffractometer using M0150us} 2][PM01204g]: [PM012040]3~, & —0.37 (singlet, 1P){[(P:07)-

Mo Ko radiation § = 0.710 73 A). Direct methods were used to solve  Mo1sOus}2]®~, 6 —21.7 (doublet, 2P);-23.6 (doublet, 2PRJpp = 36.0

the structure and to locate all molybdenum atoms (SHELXS86). Then Hz. Phosphorus-31 NMR (GIN, 293 K) of (N(GH7)4)s[{ (P:0)-

the remaining atoms (excluding H and some disordered C atoms) wereMo1504s}2]:  [{ (P207)M01504s5} 287, 0 —21.7 (doublet, 2P),—23.6
found from successive difference maps (SHELXL93). The final cycle (doublet, 2P)2Jpp= 36.0 Hz. NMR experiments were made on a Bruker
of refinement, including the atomic coordinates, anisotropic thermal AM-300WB spectrometer.

parameters (all molybdenum and phosphorus atoms), and isotropic  As expected Himeno’s original elemental anal§sishis TPA salt
thermal parameters (all oxygen, carbon, and nitrogen atoms), convergedFound: Mo, 46.28; P, 2.02; C, 18.44; H, 3.51; N, 1.80) agrees well

indicating that the Keggin ion was formed during the course of the

atR= 0.085 andR, = 0.242 ( > 20(1)). In the final difference map
the deepest hole was1.591 eA?3 and the highest peak 1.740 g

An absorption correction was performed using the SADABS program.

Crystallographic data are summarized in Table 1.

T E-mail: ulrich.kortz@aub.edu.lb. Faxt-961 1 744461.

(1) Part1: Kortz, U.; Jameson, G.; Pope, MJTAm. Chem. S0d.994
116 2659. Part 2: see ref 4. Part 3: Kortz, U.; Pope, Minkrg.
Chem 1995 34, 2160. Part 4: Kortz, U.; Pope, M. Thorg. Chem
1995 34, 3848.

(2) Rosenheim, A.; Shapiro, MZ. Anorg. Chem1923 129, 196.

(3) Weil-Malherbe, H.; Green, R. HBiochem. J1951, 49, 286.

(4) Kortz, U.; Pope, M. TInorg. Chem 1994 33, 5643.

(5) Himeno, S.; Saito, A.; Hori, TBull. Chem. Soc. Jpri99Q 63, 1602.

(6) Himeno, S.; Kubo, T.; Saito, A.; Hori, Tinorg. Chim. Actal995
236, 167.

(7) Himeno, S.; Ueda, T.; Shiomi, M.; Hori, Thorg. Chim. Actal997,
262, 219.

(8) Sheldrick, G. M.SADABS Siemens Analytical X-ray Instrument
Division: Madison, WI, 1995.

10.1021/ic9907258 CCC: $19.00

with the calculated values for the TPA salt of the dimeric 30-
molybdobispyrophosphate (N{87)4)s[{ (P-07)M01504s} 5] (Calcd: Mo,
46.74; P, 2.01; C, 18.72; H, 3.67; N, 1.82).

Discussion

In the present work it is shown that Himeno’s 15-molybdo-
diphosphate in reality is a 30-molybdobispyrophosphate, a
dimeric species with the formuld (P.O7)M015045}2]8~ (see
Figures 1 and 2). In the title compound the tatrbutylam-
monium salt of the novel dimeric ion is cocrystallized with the
well-known 12-molybdomonophosphate Keggin ioalPMos
O40)%".°2 All bond distances and angles of the Keggin ion are
within the expected ranges.
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Table 2. Minimum and Maximum Bond Lengths (A) and Angles (deg) foFLO7)M0150as} 218 (1)

MO0 —Oxerminal (CaP) 1.64-1.65(3) Mo—Oguadruply-bridging (Cap) 2.70+2.731(18)
MO —Orerminai (OUtET belt) 1.671.76(2) Mo—Oquadruply-bridging (OUter belt) 2.3982.454(17)
Mo—Qe,minal(inner belt) 1.709'1.717(16) P'Odoublwbridging 1.53—1.66(3)
MO_Odoubly—bridging |3_Otriply—briclging 1-509_1-514(14)
(corner-sharing Mo@octahedra) 1.74062.205(14) P-Oquadruply-bridging 1.502-1.555(17)
(edge-sharing Mogoctahedra) 1.7552.166(16) P-O—P 180.0(10)
Mo_otriply—bridging 2.339—2.374(15)

of the six molybdenum atoms in each belt aM®3, resembles
a chair conformation.

Two tetran-butylammonium cations were found crystallo-
graphically, but as a result of disorder only 23 of the expected
32 carbon atoms could be located. Charge-balance consider-
ations therefore require the presence of nine protons, which are
expected to be bound to surface oxygens of the polyanions.
Figure 2. Ball and stick representation of the asymmetric unit of However, the binding sites of the protons could not be identified
[{ (P,07)M01:04s} )% (1) showing 50% probability ellipsoids and the by bond-valence sum calculatiofis;most likely they are
labeling scheme. disordered over various positions.

The structure of the 12-molybdopyrophosphate is still un-

The mechanism for the formation of the 30-molybdobispy- known, but 3P NMR studies suggest that the ion is an
rophosphate (fMosg) is most likely fusion of two lacunary  oligomeric analogue of thedimeric P4Mogzo. This is further
[(P207)M01504gHg]*~ moieties. With its four belts and two caps  supported by attempts to crystallize the 12-molybdopyrophos-
leading to a cigar-shaped structureM®so can be viewed as  phate in acetonitrile, which always resulted in crystals of the
an extended o1 The most interesting structural features title compound. This suggests that in acetonitrile the 12-
of PsMog are the two linear, eclipsed pyrophosphate hetero- molybdopyrophosphate easily breaks down into smaller units
groups (180.0(10) as well as the long bonds between pyro- of PsMosq.
phosphate oxygens and molybdenum atoms (2:23831 A) Acknowledgment. This research has been supported by a
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The dimeric BMogo hasD3 symmetry, unlike fMosg (D), Supporting Information Available: One X-ray crystallographic
because of a chiral distortion which is similar to that of the e in CIF format. This material is available free of charge via the
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