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The novel nickel-substituted, dimeric phosphotungstate [NisNa(H;0),(PWqO34),]*t~ (1) has been synthesized and
characterized by IR spectroscopy, elemental analysis, and electrochemistry. X-ray single-crystal analysis was carried
out on Nay;[NisNa(H,0);(PWgO34)5]-21.25H,0, which crystallizes in the triclinic system, space group P1, with a =
12.2467(6) A, b = 16.6031(7) A, ¢ = 22.4017(12) A, o = 73.9870(10)°, B = 87.6060(10)°, y = 79.344(2)°, and
Z = 2. The polyanion consists of two lacunary B-a-[PWq034]*~ Keggin moieties linked via three nickel(ll) centers
and a sodium ion. The structure of 1 is composed of two fused Keggin fragments that represent different Baker—
Figgis isomers (a- vs B-type). Electrochemical studies show that 1 exhibits a stable and reproducible voltammetric
pattern, with a first wave featuring a chemically reversible four-electron/four-proton process. An investigation of the
magnetic properties indicates that the three nickel centers exhibit ferromagnetic exchange interaction.

Introduction lates a unique class of inorganic compoufidsipplications
of polyoxometalates include catalysis, medicine, materials

mous structural diversity? Although the first polyoxometa- ~ SCi€Nce, photochemistry, analytical chemistry, and magne-

lates were synthesized almost 2 centuries ago, a detailedoCchemistry. . ) .
structural description was accomplished only much later. The ~ The mechanism of formation of polyoxometalates is not
reason is that the use of standard analytical techniques (e.gWell understood and commonly described as self-assembly.
IR, UV—vis, MS, electrochemistry, elemental analysis) alone More efforts are needed in order to understand better the
is usually insufficient for a detailed structural characteriza- MYysterious equilibria of formation of polyoxometalates, so
tion. Single-crystal X-ray diffraction is the most powerful that gventually rational syntheses of novel species may be
technique for determining the structure of a novel species. p035|ble..
Usually the solid-state structures of polyoxoanions are Sandwich-type polyoxometalates based on tia-
retained in solution, which can often be demonstrated by [XW¢Os4"~ (X = PY, As”, SiV) or B-a-[X2W150sq]**~ (X
multinuclear NMR. = PY, AsY) fragments, and four transition metal centers
In addition to their esthetic structural features the unique constitute a well-known class of compourtd3he first

combination of interesting properties renders polyoxometa- €xample of this type, [CH,0)(PWsO3.);]'*", was reported
by Weakley et af? Later Finke et al. reported on an
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Polyoxoanions are metabxygen clusters with an enor-

T American University of Beirut. (3) Polyoxometalates: From Platonic Solids to Anti-Retral Activity;
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Sandwich-Type Phosphotungstates

Dawson ions, [M(H20)2(P2W150s6)2] ¢~ (M = Co?t, CuL2™,
Zn?).5¢c Evans et al. were the first to report on a As(V)
derivative of the Keggin type, [Z(H20)2(AsWyOs4),] 10 .6

Recently Bi et al. described the first arsenic(V) analogues

of the Wells-Dawson type, ([M(H20)2(As;W150s6),] ¢~ (M

= Mn?*, Co?", Ni?t, Cl2t, Zr?t, C?").5» Also recently
Kortz et al. reported on the first examples of sandwich-type
tungstosilicates, [MH20),(SiWyOs4)2]*2~ (M = Mn?*, CL#™,
Zn?%) .54 These polyanions were synthesized from the dila-
cunary, metastable precursor$iw;¢Ozg)®.

Recently Hill and co-workers described the first example
of a sandwich-type species with less than four transition
metals’ The diiron(lll)-substituted polyanion, [FE&NaOH,),-
(P.W150s6),] 167, is based on two WellsDawson fragments,

and the two equivalent exterior positions are occupied by

sodium ions in the solid state. Hill et al. also showed that
this polyanion reacts with Gt or C&" ions in aqueous
solution, leading to a trisubstituted mixed-metal sandwich-
type polyaniorf Very recently the same authors described
the triiron(lll)-substituted polyanion, [R&FeOH)(NaOH)-
(P2W150s6)2] 4.2 The di- and trisubstituted cobalt(ll) ana-
logues of this polyanion are also knowh.

Here we report on the first example of a trisubstituted
sandwich-type polyoxoanion based on Bwe-[PWqOz4) %~
Keggin fragment.

Experimental Section

Synthesis.All reagents were used as purchased without further
purification.

Nau[Ni3Na(HZO)2(PW9034)2]~21.25I-b0. A 8.00 g (16 mmol)
sample of K[H;PW;g0s,]18H,0" was added to 20 mL of 4D
upon stirring at room temperature, and then 8.00 g (57 mmol)

(6) (a) Weakley, T. J. R.; Evans, H. T. jun.; Showell, J. S.; Toufae
F.; Tourrge C. M. J. Chem. Soc., Chem. Comm@i73 139. (b) Finke,
R. G.; Droege, M.; Hutchinson, J. R.; Gansow,JOAm. Chem. Soc.
1981, 103 1587. (c) Finke, R. G.; Droege, M. Vihorg. Chem1983
22, 1006. (d) Evans, H. T.; Tourn€. M.; Tourrie G. F.; Weakley,
T. J. R.J. Chem. Soc., Dalton Tran$986 2699. (e) Finke, R. G.;
Droege, M. W.; Domaille, P. Jnorg. Chem1987, 26, 3886. (f) Wasfi,
S. H.; Rheingold, A. L.; Kokoszka, G. F.; Goldstein, A. IBorg.
Chem.1987 26, 2934. (g) Weakley, T. J. R.; Finke, R. @org.
Chem.199Q 29, 1235. (h) Gonez-Gara, C. J.; Coronado, E.; Bdsa
Almenar, J. JInorg. Chem1992 31, 1667. (i) CasaPastor, N.; Bas-
Serra, J.; Coronado, E.; Pourroy, G.; Baker, L. C.JWVAm. Chem.
Soc.1992 114, 10380. (j) Gmez-Garca, C. J.; Coronado, E.; Guez-
Romero, P.; CasaRastor, NInorg. Chem1993 32, 3378. (k) Gonez-
Garca, C. J.; Borfa-Almenar, J. J.; Coronado, E.; Ouahab|riorg.
Chem.1994 33, 4016. (I) Zhang, X.-Y.; Jameson, G. B.; O’Connor,
C. J.; Pope, M. TPolyhedron1996 15, 917. (m) Zhang, X.; Chen,
Q.; Duncan, D. C.; Campana, C.; Hill, C. lnorg. Chem.1997, 36,
4208. (n) Zhang, X.; Chen, Q.; Duncan, D. C.; Lachicotte, R. J.; Hill,
C. L. Inorg. Chem.1997 36, 4381. (0) Clemente-Juan, J. M,
Coronado, E.; Gal®Mascars, J. R.; Gmez-Gar@a, C. J.Inorg.
Chem.1999 38, 55. (p) Bi, L.-H.; Wang, E.-B.; Peng, J.; Huang, R.-
D.; Xu, L.; Hu, C.-W.Inorg. Chem.200Q 39, 671. (q) Kortz, U.;
Isber, S.; Dickman, M. H.; Ravot, Dnorg. Chem.200Q 39, 2915.
(r) Bi, L.-H.; Huang, R.-D.; Peng, J.; Wang, E.-B.; Wang, Y.-H.; Hu,
C.-W.J. Chem. Soc., Dalton Trang001 121.

(7) (@) Zhang, X.; Anderson, T. M.; Chen, Q.; Hill, C. Inorg. Chem.
2001, 40, 418. (b) Zhang, X.; Hill, C. LChem. Ind.1998 75, 519.

(8) Anderson, T. M.; Hardcastle, K. I.; Okun, N.; Hill, C. lnorg. Chem.
2001, 40, 6418.

(9) Anderson, T. M.; Zhang, X.; Hardcastle, K. I.; Hill, C. Inorg. Chem.
2002 41, 2477.

(10) Ruhlmann, L.; Canny, J.; Contant, R.; Thouvenot|i®rg. Chem.
2002 41, 3811.
(11) Contant, R.; Piro-Sellem, S.; Canny, J.; ThouvenotCRR. Acad.

Sci. Paris, Ser. 112000 3, 157.

NaClOy-H,O was added. The solution was vigorously stirred for
15 min and then cooled in an ice bath for about 2 h. The solid
KCIO, that had formed was isolated by filtration, and then about
5 g of solid NaCl was added to the yellow filtrate. At this point 25
mL of 1 M NaCQO; solution was added, resulting in slow decoloring
of the solution. After about 15 min a white precipitate started to
appear, but the solution (pH 8.5) was stirred for another 30 min.
Then the precipitate was isolated by filtration and washed con-
secutively wih 1 M NacCl, ethanol, and diethyl ether. The solid
was air-dried, resulting in 2.30 g of B&-PWyO34]:5H,0 as based

on infrared spectroscopy and electrochemistry, using the product
obtained by the method of Domaitfeas a reference.

A 0.31 g (1.30 mmol) sample of NigbH,O was added with
stirring to 20 mL d a 1 M NaCl solution. Then 2.00 g (0.79 mmol)
of Nag[A-PWy034]-5H,0 (synthesized as decribed abdveyas
added in small portions over 5 min. The solution was heated to 60
°C for about 30 min in a water bath and then filtered. The green,
clear filtrate (pH 6.9) was placed in a refrigerator °@). After
several months a mixture of green and yellow crystals (in
approximately equal amounts) had formed. We were able to isolate
a sufficient amount of each product by manual separation of the
respective crystals under a microscope. The green compound (0.12
g) corresponds to Coronado’s trimeric f&lig(OH)3(H20)e-
(HPOy)2(PWy034)3] as based on FTIR: The yellow crystals (0.14
g, yield 7%) correspond to the title compound. IR for,Nisiz-
Na(H0)2(PWgO34)7] - 14H,0: 1062(sh), 1039(s), 1023(s), 963(s),
940(s), 899(s), 788(sh), 739(vs), 585(vw), 486(w), 330(w) tm
Anal. Calcd (Found) for Na[NisNa(HO),(PWgOz4)2]-14H0O: Na,

5.3 (5.6); W, 63.7 (63.5); Ni, 3.4 (3.6); P, 1.2 (1.3).

The sample used for elemental analysis and IR was air-dried,
and therefore it has a reduced degree of hydration (3@)H
compared to the result of single-crystal X-ray diffraction (21.25
H,0). Elemental analysis was performed by Kanti Labs Ltd. in
Missisauga, Canada. The IR spectrum was recorded on a Bio-Rad
FTS 165 FTIR spectrophotometer using KBr pellets.

X-ray Crystallography. A yellow block of the sodium salt of
1 with dimensions 0.20< 0.06 x 0.06 mn?¥ was mounted on a
glass fiber for indexing and intensity data collection at 293 K on a
Bruker D8 SMART APEX CCD single-crystal diffractometer using
Mo Ko radiation ¢ = 0.710 73 A). Of the 21 241 unique reflections
(20max= 56.6%), 16 423 reflectionsR;,; = 0.048) were considered
observed I( > 20(l)). Direct methods were used to solve the
structure and to locate the tungsten and nickel atoms (SHELXS97).
Then the remaining atoms were found from successive difference
maps (SHELXL97). The final cycle of refinement, including the
atomic coordinates, anisotropic thermal parameters (W, Ni, and P
atoms) and isotropic thermal parameters (Na and O atoms)
converged aR = 0.052 andR, = 0.119 ( > 20(l)). In the final
difference map the highest peak was 5.2557@ &nd the deepest
hole —2.178 e A3,

Routine Lorentz and polarization corrections were applied, and
an absorption correction was performed using the SADABS
program!® Crystallographic data are summarized in Table 1. The
X-ray crystallographic structure determination of the title compound

(12) Domaille, P. Jinorganic Synthesedohn Wiley & Sons: New York,
1990; Vol. 27, p 100.

(13) Currently we are attempting to also synthesize the title polyanion
[NisNa(H0)2(PWgO34)2]*t~ (1) by interaction of Ni™ ions with
[A-PWo034)°~, which has been synthesized by the method of Do-
maille 12 However, no crystals of have been formed to date.

(14) Clemente-Juan, J. M.; Coronado, E.; GaMascafs, J. R.; Gmez-
Garcg, C. J.Inorg. Chem.1999 38, 55.

(15) Sheldrick, G. M.SADABS University of Gdtingen:
Germany, 1996.

Gitingen,
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Kortz et al.
Table 1. Crystal Data and Structure Refinement foriilisli sNa(HO)2(PWoO34)2]-21.25H0

empirical formula He Nay2NizOg; 22 Wig volume, A3 4302.6(4)
Fw 5330.2 z 2

space group P1 (No. 2) temp,°C 20

a, A 12.2467(6) wavelength, A 0.710 73
b, A 16.6031(7) density (calcd), g/ém 4.02

c, A 22.4017(12) abs. coeff, mm 24.789

o, deg 73.9870(10) R(Fo)? 0.052

B, deg 87.6060(10) Ru(Fo)® 0.119

y, deg 79.344(2)

AR = 3IFol — IFll/Z|Fol. °Ry = [SW(Fo? ~ FAZTW(Fe?)7 Y2

Figure 1. Combined polyhedral/ball-and-stick representation of

[NisNa(H0)2(PWeOs4)2] '~ (1). The PQ, WO, and NiG polyhedra are Figure 2. Ball-and-stick representation of [pNa(HO)z(PWoOz4)2] 1~
shown in blue, red, and green, respectively. The sodium atom is shown as(1) showing 50% probability ellipsoids and the labeling scheme for all atoms
a yellow ball and its terminal water molecule as a red ball. except oxygens of the tungstenxo framework (for clarity).

was performed twice. The first was done by Mr. Patrick Herson at 1 16 This means that eleven sodium counterions are present
the UniversitePierre et Marie Curie, Paris, on a Noniu.s CAD4 in addition to Na1, which was confirmed by elemental analy-
diffractometer and the second by UK. at the Florida State g |t \yas not unexpected that only 8.5 out of 11 sodium ions
University, Tallahassee, on a_Bruker D8 SMART APEX CCD could be identified by X-ray diffraction, because of disorder.
diffractometer. Only the latter is reported here, because it turned . . . . . .
out to be of significantly better quality. Itis of interest to examine t_h_e junctions of the two K_eggm
fragments with the central unit thin order to identify which

Results and Discussion Baker-Figgis isomers are present. It turns out that two types

The novel polyoxoanion [NNa(HO)(PWgOz4)2]*t (1) of cap rotation isomers can be observedand . The
consists of two lacunarg-o-[PWyOs4°~ Keggin moieties  junction involving the three Ni ions is of thea-type,
linked via three N&* ions and a sodium ion (see Figures 1 whereas the junction involving the two centrafNions and
and 2). The arrangement of the central, rhomblikgNdiO,¢ the sodium ion is of thg-type. By contrast, the linkages of
group and the two Keggin fragments leads to a sandwich- all known tetrasubstituted sandwich-type Keggin complexes
type structure. The core dfis composed of two Ni ions (e.g. [Ca(H20)(PWy034)2]1%) have two junctions of the
located in the two internal positions, and one of the two p-type. However, the observations farare in complete
external positions is occupied by anothe?Nibn, whereas  agreement with those of Hill et al. for their family of iron-
the other is occupied by a sodium ion. Both of the latter are (Ill)-substituted Wells-Dawson sandwich complexes. The
distinct sites without crystallographic disorder, because the tetrairon-substituted [RE-eOH,)2(P,W150s6)2]*2~ has two
entire polyanion is present in the asymmetric unit. All nickel S-junctions, the diiron-substituted [KBlaOH)(PAW150se)2] 16
centers are octahedrally coordinated (2:@®R1(1) A), has twoo-junctions, and the triiron-substituted [ffieeOH)-
whereas the sodium ion has bonding interaction with seven(NaOH,)(P2W1s50s6)2]*~ has ones-junction and onex-junc-
oxygen atoms (2.272.70(1) A) leading to a distorted, tion.”®” In analogy to1l the a-junction of the triiron-
monocapped-octahedral coordination environment. As ex- substituted species involves the three iron sites, whereas the
pected, the external nickel center and the sodium ion have g8-junction is formed by the two central iron sites and the
terminal water ligand each. The bond lengths and angles ofsodium ion. Using the configuration methodology suggested
the tungsterroxo framework are within the usual ranges.

Bond-valence sum calculations confirm that the terminal 8% ?L‘;"g& ;(DChg';erg‘atéuEf;rﬁaE)C%Stacllgr%rpﬁ? gﬁiﬁ"“énmg_
oxygens of Ni3 and Nal are the only protonated sites of Chem.1997, 36, 4208.
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by Hill et al., the complete description of the title polyanion
with an indication of the junction connectivity dsxSo-[Nis- 2.0}
N a( H20)2( PW9034) 2] 1=

Interestingly synthesis dfis accomplished by interaction
of Ni?" ions with the trivacant Keggin isomer of tiAetype, 0.0
[A-PWyO34]°~ . However, the Keggin fragments present in
1 are of theB-type, which means that during the course of
the reaction the following isomerization must have taken
place: RA-PWy034° — [B-PWyO3°". Some time ago
Knoth et al'® have demonstrated thadPWs034]°~ can be .4.0
transformed to B-PWy0s4]°~ in solution upon heating, and . 4 ! ' o3
then Domaillé? showed that the same isomerization can be -0.9 'o':/v 's(::': 0-0 '
accomplished in the solid state. When Knoth et al. reacted _. ) e 4

. . . i . Figure 3. Representative cyclic voltammogram of 2 107% M

[A-PWoOs34]?~ with divalent first-row transition metals in @  [Ni;Na(H,0)(PWsOs2)2]1+ (1) in an aqueous pH 3 solution (0.2 M Na
ratio of about 1:2 at room temperature, they obtained dimeric SO + H2S0s). Working electrode, glassy carbon disk; reference electrode,
heteropolyanions of the type BA-PWsO34)2]'2~ (M = Mn, SCE; scan rate, 10 mV'&
Fe, Co, Ni, Cu, Zn}® However, heating of these solutions
above 6(°C resulted in a transformation to the well-known
family of tetrasubstituted polyoxoanions, JiH,0).(B-
PWo034)2]1%". The title polyaniori belongs to the same class
of sandwich compounds, but with the significant difference
that only three nickel centers are present. The tetranickel-
substituted analogue, [NH20).(B-PWoOz4)2]1%", has been )
fully characterized by Coronado et *&linterestingly this The reasonl is formed rather than [N{H2O)y(B-
species was not synthesized from a preformed @YY PV\/_9034)2]W under our reaction conditions c_ould be due to
lacunary precursor, but directly from a source of the three Various reasons: (1) we performed the reactioh M NaCl,
composing elements phosphorus(V), tungsten(V1), and nick- becgusg Hill et all.. had shown that a h!gh concentra_tlon of
el(ll). Using the same synthetic approach Coronado et al. S0dium ions stabilizes lacunary, sandwich-type spe€ies;
also synthesized the trinickel-substituted specieg(fND)-  (2) the NF*/(PWsOs,) ratio of 1.65 is too low for formation
(B-PWyO3WO:H,O]7~ and the nonanickel-substituted spe- of _the tetranickel-substituted species; (3) the byprqdue;g—Na
cies [Nig(OH)s(HzO)e(H PQy)2(B-PWgOs2)3 16~ which oc- [NIg(OH)g(HzO)e(H PO4)2(PW903.4)3] starts to crystglllze be-
curred also as a byproduct in the synthesisldf Some forg 1 Th|'s means tha.t at the .tlme' of crystallizationlahe
time ago Kortz et al. reported on [NOH)s(H.O)s- rat!o of_N|2+/(PWgO_34) in solution is reduced even further.
(B- HoPWsO34)]2~, which is another member of the family This _n_nght be an |mporta_nt Ie_ad in the search of reac_tlon
of nickel-substituted polyoxotungstates containing tBe (  conditions that result only ifi, without any byproducts. This
PW,Os,) fragment® This species was synthesized by inter- WOrk is currently in progres¥.
action of N#* ions with the preformedH-PWoO34]°~ unit. It is worth noting thatl exhibits a perfectly stable and

During the course of our investigation of Ni-substituted reproducible voltammetric pattern, at least in the pH 3 and
polyoxotungstates we have been able to synthesize CoronaPH 5 media studied here. This is in contrast to the lacunary
do’s species, but starting with thB-PWeOss) precursor. This  [A-PWsO34]° precursor species used for the synthesis, of
clearly indicates that the reaction conditions are more Which undergoes a wealth of transformations in aqueous
important than the type of precursor used. Furthermore we solution. The cyclic voltammogram df(see Figure 3) was
discovered that all of the above-mentioned species are presentun in a pH 3 medium (0.2 M N8O, + H,SOy) with a
in the pH range 57, but which of them dominates at a given thoroughly polished glassy carbon electr8&his volta-
pH depends on the interplay of factors, including ionic mmogram is restricted to its first two waves. The first wave
strength, temperature, concentration of reagents, ratio offeatures a four-electron process as confirmed by controlled
reagents, and type of spectator ions (cations and anions). Oupotential coulometry. It shows complete chemical revers-
research has shown that it appears almost impossible tobility at a scan rate of 10 mV 3 used for running the
identify conditions where only one product is present in Voltammogram. Also, quantitative reoxidation of the reduced
solution. This observation was confirmed by Coronado et product was achieved after the coulometry. At pH 5, the
al. who isolated their title polyanions by fractional crystal- current intensity of the first wave does not change, but in
lization in order to avoid contamination with side produéts.  comparison with the value observed in the pH 3 medium, a
It must be realized that the structurally very diverse class of

nickel-containing tungstophosphates appears to be extremely(20) During the review period of this manuscript we discovered that the
title compound Na[NisNa(HO)2(PWyOs4)2]-14H,O can also be

pH=3.0

I/pA

above. However, if a set of conditions has been identified at
which the equilibrium of formation of any one polyoxo-
tungstate dominates, an excess ofNons does not seem
to have a strong influence on the product composition. We
have experimental evidence for this conclusion, and Coro-
nado et al. have made the same observadtion.

sensitive to a modification of any of the factors mentioned synthesized starting fronBIPWyOsg]®- instead of A-PWeOsq®—. The
identity of the product was demonstrated by electrochemistry and
(18) Knoth, W. H.; Domaille, P. J.; Harlow, R. Ilnorg. Chem1986 25, FTIR.
1577. (21) Keita, B.; Belhouari, A.; Nadjo, L.; Contant, R.Electroanal. Chem.
(19) Kortz, U.; Teg A.; Herve G. Inorg. Chem.1999 38, 2038. 1998 442, 49.
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Figure 4. Plot of the producXmT for [NigNa(H0)(PWsOsz4)2]'~ (1) as Figure 5. Plot of the magnetization of [MNa(HO)(PWgOz4)2]**~ (1)
a function of T. The data were recorded in a 1000 Oe field. as a function of the applied field, recorded at 2 K. The continuous line
represents a Brillouin function for é®— 3 state with a Landéctorg = 2.

shift of its peak potential by 128 mV in the negative direction
was observed. This shift combined with the coulometry recently. Only very few compounds of this type are known,
results is indicative of an overall four-electron/four-proton and all of them are based on the WeiBawson fragment
process. [P.W1s0s6)*2. This work has presented the first species
Magnetic measurements of the title compound were also based on the Keggin fragmer®-PWO34]°". In all of these
carried out on a polycrystalline sample using a SQUID compounds the lacunary site in the central, rhomblike plane
magnetometer (Quantum Design MPMS-5). The temperatureof the dimeric structure is occupied by a sodium ion.
dependence of the magnetization was studied in a 1000 OeTherefore it appears that the presence of Mas is essential
field. The productX, T deduced from it was corrected for for the formation of trisubsituted sandwich-type polyoxoan-
diamagnetic contributions and plotted as a functiofl @fs ions. Interestingly the trisubstituted species seem to be more
shown in Figure 4. The produ®,T has a maximum value  stable than their tetrasubstituted analogues and in addition
(7.0 emuK-mol™) at 8 £ 1 K and becomes practically they exhibit very promising catalytic activity. Substitution
constant (4.25+ 0.05 emuK-mol™) above 130 K. Such  of the sodium ion by a variety of transition metal centers
behavior indicates ferromagnetic exchange interactions be-should lead to a series of mixed-metal-substituted poly-
tween the nickel atoms of the cluster transmitted through oxoanions with even more interesting properties.
the oxo bridges and suggestsSa= 3 ground state. The

measurement of the field dependence of the magnetization, Acknowledgment. This work was supported by the
carried out at 2 K, leads to a similar conclusion (see Figure CNRS (Laboratoire de Chimie Physique, UMR CNRS 8000)

5). The experimental data are very close to a Brillouin and the University Paris XI. X-ray measurements were made
function describing at = 3 state with a Landéactorg = during a visit of U.K. at the Florida State University,
2.0. Moreover, this behavior indicates that the iNfercluster ~ Tallahassee. U.K. thanks the FSU Chemistry Department for
interactions are negligible, which is in agreement with the allowing use of the diffractometer. The structural charac-
rather large distances between neighboring polyoxoanions.terization of the title compound (prepared by I.M.M. at Orsay
The above conclusions are in agreement with other tri- and in the course of his Ph.D. work) was accomplished by U.K.
tetranickel-substituted polyoxoanioffs:19.22 during a visiting appointment in the research group of L.N.
The title compound is also of interest for redox catalysis at the UniversitéParis-Sud, Orsay. U.K. thanks the American
and electrocatalysis. It is also expected that reactioa of University of Beirut, Lebanon, for allowing a one-semester
with other transition metals besides nickel can lead to mixed- leave. Figures 1 and 2 were generated by Diamond, Version
metal sandwich-type Keggin polyoxoanions. These studies2.1b (copyright Crystal Impact GbR). Figures-3 were
will be performed as soon as the synthesisldias been  prepared with Microcal Origin, Version 5.0 (copyright
optimized. Microcal Software, Inc.).

Conclusion Supporting Information Available: Cyclic voltammetric data
Trisubsituted sandwich-type tungstophosphates constituteat pH 3 and 5 (Table S1) and one X-ray crystallographic file, in

a novel class of polyoxoanions that has been discovered veryc”: format. This material is available free of charge via the Internet
at http://pubs.acs.org.

(22) Kortz, U.; Jeannin, Y. P.;"B& A.; Herve G.; Isber, Slnorg. Chem.
1999 38, 3670. 1C0255353
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