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New Strategies for the Generation of Large Heteropolymetalate Clusters:
The f-B-SbW, Fragment as a Multifunctional Unit

Michael Bosing, Ina Loose, Heinrich Pohlmann and Bernt Krebs*

Abstract: Proceeding from the o-B-SbW,0,, fragment 1, various novel
large heteropolyanions ([Na,SbyW, O, ,,(H,0),12* " (2), [Sb,W,,0,,(OH),]'*~ (3) and

[Sb,W,,M,0,(H,0),] 4727~ (4); M"* = Fe**, Co?*, Mn?", Ni**) have been ob- Keywords
tained in crystalline form by systematic synthesis. Their unexpected structures have been antimony - heteropolyanions
studied by X-ray diffraction: 2, 3 and 4 contain -SbW, units connected to each other by polyoxometalates * synthesis design -

Sb** ions, WO,/WQ,0H groups, and WO,/M"*(H,0), groups, respectively. Structural tungsten
details and especially the systematic synthesis strategy for the formation of these interest-

ing polytungstates are discussed in order to explain the unusual behaviour of 1 in aqueous

solution under different rcaction conditions.

Introduction

The chemistry of the early transition clements, particularly
tungsten, molybdenum and vanadium, in aqueous solution is
dominated by the formation of polyoxoanions. The first com-
pounds of this remarkable class of metal —oxygen clusters were
reported over 150 years ago, and new anions with interesting
topologies and/or different heteroelements are still being discov-
ered.'!? Owing to their unusual properties (high charges and
ioni¢c masses, oligomeric cluster structures, high solubility, etc.)
some of these polyanions have applications in chemical analysis,
catalysis and medicine.”? ~*! At present more than 70 different
elements have been reported as constituents of heteropolyan-
ions. Nonetheless, some types of anions are preferred due to
their particular stability, for example the well-known Keggin,
Dawson, Anderson and Dexter -Silverton structures.’®! For-
mally their formation can be described as exemplified by Equa-
tion (1).1°7 The driving force for this behaviour (even for the

12{MoQ " + [HPOP ™ + 23H"' —— [PMo,0, + 12H,0 &3] U'A‘[XM:O“]

[H-B-{XM_(-'J,.]

e f th lativel . | K . t Scheme 1. The a-Keggin structure and its relationship to some deficient (lacunary)
generation o e relatively simple a-Keggin structure type species. For a-4-XMy0;, and XM, 0;, the effective interconversion reactions arc

anions [XM,,0,,]"~ with an extremly high formation tendency, reversible, whereas for the three other XM,0,, anions the arrows represent only a
Scheme 1) is still not clearly understood.[”! structural relationship. The reverse conversion of 8- 4-XM O3, and 2-B-XM, 05, to
~ . . the Keggin anion is, however, possible.
Complex, largely unknown reaction mechanisms are respon-
sible for these self-organisation processes; this makes a straight-

forward reaction route for their syntheses difficult, even in some . .
apparently simple cases. Beyond this, there are larger more or

less labile anions produced from subunits of these structures
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A suitable method of preparation seems to be the production
of large highly negatively charged (and therefore soluble) inter-
mediate subunits. These transferable units can then be stabilised
by electrophilic protection groups or joined together in polycon-
densation reactions.!!7-*#! An example of this useful strategy is
the dimerisation of the molybdoarsenate [(AsOH);(Mo0O,);-
(AsMo0,0,,)]” . After protonation, the monomeric fragment
reacts as a stable intermediate of [AsMoy0,;]°” to give
the dimeric anion [(AsOH),(M00,),(0,M0o~0-Mo00,),-
(AsM04,05,),]'% .11 According to this general idea, we report
here a strategy for the systematic synthesis of large Sb-contain-
ing polymetalate clusters with the ability to fix various transi-
tion-metal elements.

Results and Discussion

Starting from the «-B-[SbW,0,,]°" fragment 1, we pre-
pared a series of hitherto unknown interesting large het-
eropolytungstate clusters: [Na,Sb,W,.0,,,(H,0),]**" (2),
[Sb,W,,0,,(0OH),]">~ (3) and [Sb,W,,M,0,,(H,0),]"* "~
(4); M"" = Fe3™, Co?*, Mn?*, Ni?*. All these compounds
were characterised by X-ray structure analyses, elemental analy-
ses and IR absorption spectroscopy. Clusters 2, 3 and 4 were
synthesised by means of a strategy based on the general idea
described in this paper. Furthermore, different intermediates
(B-B-SbW,0,, (1%}, Sb,W,0,; (1*), SbW,,0,, (1°) and
Sb,W,,0,, (1) are postulated to explain the strategy by a
likely reaction mechanism.

Synthesis: The syntheses of the present heteropolyanions are
described clearly by Equations (2)—(5), where M"* = Fe3™*,
9[WO,J2™ + $b3* + 6H™ > [SBW,0,,]° + 3H,0 )
1
4[SDW,0,,°~ +4Sb** +2Na” +4H,0 —
[Na,SbyW,0,5,(H,0),17* 7 (3)
2

2[SbW,05,]° " + 4[{WO,]*~ + 14H™ —>
[Sb2W22074(0H)2]12_ + 6H20 (4)
3

[Sb,W,,0,,(OH),}'?” + 2M"" + 8H,0 —>

{Sb2W20M2070(H20)6](1472")7 + 2[Wo4ll + 6H+ (5)
4

Co?7, Mn?", Ni*”. The strategy for generation of these com-
pounds is illustrated in Scheme 2 and can be explained by the
following reaction steps:

Starting fragment: The first step in the sequence of syntheses is
the preparation of the starting fragment 1. The a- B-XW, type of
this anion is obtained from the reaction of Na,WO,-2H,0 and
Sb,0, in aqueous solution at pH 7.5. This reaction must be
carried out in a nonacidic medium to avoid further condensa-
tion reactions. Besides, the unshared pair of electrons at the
Sb3* centre prevents condensation reactions with [WO,]* ™ an-
ions to form a complete spherical structure.'?! This is a basic
requirement for the further steps of synthesis. Oxidation of the
Sb™ to SbY would lead to completion of the metal—oxygen
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Sb*, WO H

(Sb,W,,0,(OH),]*
3

4

Scheme 2. Suggested reaction route with likely postulated intermediates (1%, 1. 15,
and 1%) to generate large heteropolytungstate clusters containing f-B-SbW, frag-
ments (2, 3 and 4) produced from 1. [a] For the intermediates 1* and 1€ only one of
the two possible enantiomers is shown.

framework with formation of x-Keggin type anions. Because of
its high charge, 1 tends to be stabilised by cations or to undergo
further condensation reactions, depending on the pH value of
the solution. We know from the X-ray structure analysis that in
neutral solutions 1 is stabilised by Na™ ions to give the dimeric
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product with a belt of univalent cations between the two o-B-
SbW, anions. The resulting sodium compound can be isclated
easily.

Generating intermediates: The second step involves the produc-
tion of the hypothetical intermediates 12, 1” and 1°. An aqucous
solution of 1 contains «- and f-species of the B-SbW, anion at
equilibrium.®?!! As would be expected, 1 has a higher tendency
to undergo condensation reactions in an acidic medium than in
neutral solution. Therefore, the conliguration of the o-B-SbW,
anion has to bc changed into a conformation that makes further
protonation and condensation more likely. Formally this is an
isomerisation of the a-type to the -type anion 1*. The terminal
oxygen atoms of the resulting fuc-WQ, group arc more strongly
basic than those of WO, and WO units and therefore offer sites
for further polymerisation.'??! Probably the resulting f5-B-SbW,
anion is directly protonated to obey the Lipscomb rule. There
are some other less condensed f-type fragments that may devel-
op from the x-B-SbW, anion as well. For example, the SbW,
fragment, a constitutive subunit of [NaSb,W, Og]'% 23
could be formed, or a putative ff-B-SbW, unit, which has an
analogous fragment in [As,W,0,,H]” .24 Nevertheless, a
more acidic reaction milieu renders less condensed intermedi-
ates unlikely and, indeed, 2, 3 and 4 consist mainly of intact
B-B-SbW, subunits. This indicates the important role of this
fragment as intermediate in their synthesis.

Intermediate 1* then reacts as a nucleophile with the elec-
trophilic groups Sb3* 17 or [WO,]? ™ acting as anti-Lipscomb
units!'®25 to give the intermediates Sb,W,0,s (1) and
SbW,,0;, (1%). In both cases a pair of structurally closely relat-
ed enantiomeric intermediates might be formed. In particular,
the condensed SbO, group and the WO, group are placed be-
tween the protonated fac-WO, group and a WO, group of a
neighbouring W,0,; subunit in 1*. However, the formation of
1* and 1° stabilises the highly ncgatively charged anion 1; it
supplies enough space for further condensation reactions at
the side of the anion with the lone pair of electrons at the
Sb™ centre, a necessary condition for the generation of larger
clusters.

Condensation of intermediates: The third step in the strategy
consists of stepwisc condensation to form larger clusters. Inter-
mediates 1® (two pairs of enantiomers) react after protonation
al pH 6.5 (o give the [Na,SbyW,,0,;,(H,0),** anion (2),
which combines four $-B-SbW, subunits with Na* and Sb**
between them. The condensation results from the reaction of
two Sb™—-OH groups and two protonated WO, groups of each
intermediate with simultaneous separation of water and forma-
tion of four (O;W),-0,Sb0O, -(WO;), bridges. The resulting
structure is stabilised by two Na™ ions to build a distorted
tetrahedral arrangement. In a similar fashion, intermediates 1°
(one pair of enantiomers) react after protonation of each WO,
group with a protonated WO, group of the other enantiomer to
give the [Sb,W,,0.,]'* "~ ion 1%, This unknown 20-nuclear het-
eropolyanion!?®! scems to be relatively stable and also obeys the
Lipscomb rule. Another less likely possible route to 1¢ is formal-
ly the condensation of 1* with a speculative SbW, O, unit.
However, in a further reaction step 19 can be even better sta-
bilised by the addition of two fac-WO, anti-Lipscomb units at
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pH 4.5 or by addition of two M"*(H,0), groups (M"* = Fe**,
Co?*, Mn?*, Ni**) to give 3 or 4. The resulting
[Sb,W,,0.,(OH),]'*” anion (3) consists of two §-B-SbW, sub-
units connected to each other by two WO, groups and two
WO,OH groups, respectively.

Exchange reactions: The formation of clusters of type 3 con-
taining transition-metal atoms can be achieved in a final step by
exchange reactions. Starting from an aqueous solution of 3, the
addition of the transition-metal salts [Fe(NO,);-9H,0],
[CoCl,-6H,0], [Mn(NO,),-4H,0] or [NiCl, 6 H,O] leads to
novel heteropolytungstates 4 with the general formula
[Sb,W,,M,O,(H,0)]'*~ 277 126271 The simple syntheses of
these anions depend on the systematic substitution of two
M"*(H,0), groups for two relatively weakly binding fac-
WO,0H groups by moderate heating of the reaction solution.
Obviously in this reaction 3 is reduced to the less condensed
intermediate 19, which then reacts as a nucleophile with the
electrophilic transition-metal ion [M"* (H,O),] to give stabilised
anions of 4. These heteropolytungstates are more stable in
aquecous solution than anions of type 2 and 3 because of their
high degree of condensation and the less negative charge of their
whole anion framework.

Structural characterisation of the anions: Like many other het-
eropolyanions, 1, 2, 3 and 4 contain portions of the u-Keggin
structure. This well-known cluster consists of four groups of
three edge-sharing WO, octahedra, with corner sharing between
adjacent octahedra of different groups. Removal of three adja-
cent corner-sharing octahedra results in an «-4-XW,0,, anion,
removal of three edge-sharing octahedra gives an %-B-XW,0,,
anion.'?®! In several tungstates single crystal X-ray studies have
exposed an a-A-XW unit!?? and an a-B-XW, unit®" (X = P,
As), respectively. The present clusters all belong to the B-XW,
type (1 to the a-type and 2, 3 and 4 to the f-lype anions).

In particular, the X-ray structure analysis of the sodium salt
Na,[1]-19.5H,0 (Table 1) reveals a novel heteropolyanion
derived from the o-Keggin structure (Figure 1). The cluster con-
sists of three corner-sharing W,0, ; fragments with a Sb™ centre
linked by triply bridged oxygen atoms. Each of these groups is
composed of three edge-sharing WO, octahedra. The tungstate
framework of this «-B-SbW, structure is held together by four
different types of oxygen atoms.

Fifteen oxygen atoms O, of the cluster are terminally bonded
to WY atoms with bond lengths between 1.72(1) and 1.77(1) A.
Oxygen atoms Oy, connecting two WV'! atoms have bond
lengths between 1.87(1) and 2.12(1) A, depending on the asym-
metry of the bridges. This asymmetry is due to the strong trans
effect of the terminally bonded oxo groups. Another type of
oxygen atom, Oysg,, bridges three WY atoms with the Sb™
heteroatom and has W-0,,,,, bond lengths between 2.25(1)
and 2.40(1) A. Between these oxygen atoms (in the centre of the
anion) the Sb™ atom has an average Sb—0Oy, 5, bond length of
1.98 A. A special feature of this SbW, structure is the nonbond-
ing nature of the lone pair of electrons at the Sb™ centre. Togeth-
er with the O, 5, atoms the heteroatom has a distorted ¥-tetra-
hedral coordination. Bond lengths and selected bond angles are
given in Table 2. In the crystal network of 1, two [SbW,04,]°~
anions related to each other by a centre of inversion face each
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Table 1. Crystal structure data for compounds containing the anions [SbW,0,,]°" (1),

[Na,SbyW,,0,5,(H,0),]7% (2) and [Sb,W;,0,,(0OH),1'? ™ (3).027

Nao[1]-19.5H,0 [N(CH,).]1oNa,5[2]- 26 H,0 K,[3]-27H,0

formula H;oNag O, ;SbW, CaoHygoN oNay0,4,8bs Wy H;oK 50,0350, W,,

M, gmol ™} 2862.62
crystal size, mm? 0.18 x0.32x0.28
crystal colour/habit colouriess plates

11308.40
0.22x0.35x0.35
pale yellow plates

6499.60
0.17x0.27x0.13
colourless plates

crystal system triclinic tetragonal triclinic

space group PT (no. 2) 142m (no. 121) PT (no. 2)

a A 11.534(4) 19.190(4) 12.543(4)

b A 13.829(6) 19.190(4) 12.835(4)

o A 17.179(6) 29.377(7) 16.381(5)

a,° 66.46(3) 90 80.06(3)

B, 82.47(3) 90 74.20(3)

i 69.79(3) 90 7131(2)

v, A3 2357(2) 10818(3) 2393(1)

VA 2 2 1

Deated> g€ 4.03 3.47 4.51

o mm ! 22.64 20.16 27.60

F(000) 2550 10024 2828

scan mode 0-20 w 0-20

7, K 293 173 293

20 range, © 4<20<54 4<20<54 4<20<50

indep. refins. 9631 3348 8473

obs. reflns. (> 20(1)) 8633 2498 6201

variables 385 135 359

GOF on F? 1.096 1.064 1.068

R (>20(1)) R, [a] = 0.0494 R, [a] = 0.0723 R, [a] = 0.0684
wR, [b] = 0.1250 WwR, [b] = 0.1712 WR, [b] = 0.1633

R (all data) R, [a] = 0.0554 R, [a] = 0.0990 R, [a] = 0.0997

wR, [b] = 0.1308
(A/P)qwr €~ A3 2.99
(AJP)mmre” A3 —5.230

WwR, [b] = 0.1995
2.49
—2.806

wR, [b] = 0.1876
3.85
—4277

[a} R, =ZIFR) — |ENEIR]. [b] wRy = [Sw(FZ — FOXEw(FIM w, =1/[0*(FZ) + (0.0809 P)* +
33.6856 P} w, = 1/[63(F2) + (0.0943 P)? + 21.2919]. wy =1/[o*(F2) + (0.1066 P)* + $1.026 P]. P =

(F2 4+ 2F2)3.

of the anion along the fourfold axis is shown in
Figure 2. Each of the four SbO, groups con-
necting two SbW, units is built of a Sb™ atom
with W-trigonal bipyramidal coordination (in-
cluding the lone pair of electrons in the equato-
rial plane). The incomplete tungstate cage of
the f-B-SbW, fragments consists of three edge-
sharing W,0, , groups with centred Sb™ atoms
and can be derived from 1 by 60° rotation of
one W;0,; subunit around the Sb-Oy,g,
binding vector. The Sb™ atoms in their centres
arc surrounded pyramidally by three oxygen
atoms; the top of the pyramid is formed by the
lone electron pair at the Sb atom. A special
feature of 2 is the stabilisation of the metal—
oxygen framework by two sodium atoms; this
results in a tetrahedral formation of SbW, sub-
units. They are located at the corners of these
distorted tetrahedra; Na* and Sb* are placed
at the edges. As usual, different types of oxygen
atoms connect the metal network of 2. The first
four types are equivalent to the oxygen atoms
of 1 with average bond lengths of 1.74 O,,
1.93 Oy,. 2.29 Oy, and 1.97 A for the Sh-
Ousg, bond length in each SbW, subunit. Be-
tween each of these units and the bridging Sh**
1ons there is an average W - Oy, bond length
of 1.84 A, a short bond length of 1.91(2) A for
Sb—-Oys, (equatorial), and a relatively long
bond length of 2.34(2) A for Sb— O, (apical).

The bond lengths and angles in 2 are shown in Table 2. This
large anion is comparable to structures of the general formula
[M™As,W,,0, 1?8 ™™, M™* = Na™, K*, NH,", Ba?* 32
Both structures consist of four B-XW, units that are cyclically
connected through four bridging groups (Sb'™ atoms or ¢is-WO,

Figure 1. Structure of the [SbW,0,5)°” anion 1 in NagSbW,0,;-19.5H,0
(W = blue, Sb = orange, O = red).

other with their open sites. A belt of six Na* ions connects both
anions.

The X-ray structure analysis of the mixed sodium
tetramethylammonium  salt  [N(CH,),],,Na,,[2]-26 H,O
(Table 1)31] shows an interesting large heteropolyanion con-
taining four identical B-B-[SbW,0,,]°" fragments. This te-
trameric structure has crystallographic I42m symmetry. A view

Chem. Eur. J 1997, 3, No. 8

Figure 2. Structure of the large [Na,SbyW,;0,;,(H,0),]*?” anion 2 in
[N(CH,),},,Na,,[Na,SbyW,;,0,5,(H,0),] 26 H,0 (W = blue, Sb = orange, Na =
magenta, O = dark red, H,O = light red) along the fourfold axis.
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groups). The arsenatotungstate has a distorted tetrahedral
structure with As atoms at the corners and M™* in the centre of
the anion. Unlike 2, it is composed of a-type XW, fragments 133}

The X-ray structure analysis of the potassium salt
K,,[3]:27H,0 (Table 1) reveals a new heteropolyanion com-
posed of two identical f-B-[SbW,0,,]°" fragments joined
together by four WO, octahedra. These dimeric
[Sb,W,,0,,(OH),]'>" anions have centres of inversion and
form separate molecular units in the crystal (Figure 3). The
bond lengths within each SbW,, subunit arc similar to thoscin 1

Figure 3. Structure of the [Sb,W,,0.,(OH),]*?” anion 3 in K ,[Sb,W,,0,,-
(OH),]-27H,0 (W = blue, Sb = orange, O = dark red. OH = light red).

and 2, with average values of 1.75 A for W—0,, 1.95 A for
W-Oy,, 229A for W-0Oy,, and 2.01 A for Sb—Oysg,.
A remarkable feature of this cluster is the existence of WO,
octahedra without any as well as with three terminal oxygen
atoms. Only a few of these so-called anti-Lipscomb polyox-
ometalates have been characterised,’’* ! but this combination
of rare structural properties is so far unknown elsewhere. Also
the manner in which the f-B-XW, Keggin fragments are con-

Table 2. Bond lengths (A) and angles () of the anions [SbW,0,,1°" (1),
[Na,SbyW,, 0, 4,(H,0),]122~ (2) and [Sb,W,,0.,(OH),]**~ (3) with standard devi-

ations.

1 2 3

W O, [a] 1.72(1) -1.77(1) 1.67(3)~1.77(3) 1.68(2)- 1.88(2)
W O, [b] 1.87(1) 2.12(1) 1.78(2) 2.09(3) 1.78(2) 2.29(2)
W O [b] 225(1) 240(1)  2.20(2) 2.38(2)  2.26(2) 2.33(2)
W Oy 178(2) 1.91(2)

Sb  Oueass [b] 1.97(1)-1.99(1) 1.95(3)-1.99(2)  2.00(2)-2.01(2)
Sb -0, [d 1.91(2)

Sh-0,, [d] 2.34(2)

Na O 242(3)

Na Oy [b] 2.43(3)

0-W-0,, 72(1)-106 (1) T1(1) 105(1) 70(1y 105(1)
O-W-O.n 157(1)-172(1) 155(1)- 174(2) 153(1) - 176(1)
0-$b-0,,, [c] 195(2)

0-$b-0,, {d] 165(1)

0-5b-0 fe] 91(1) 93(1)-95(1) 89(1) 92(1)

[a] t = terminal. [b] The subscripted letters indicate the element(s) bonded.
[c] eq = equatorial. [d] ap = apical. [¢] Within the SbW,, subunits.
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nected with one another is most uncommeon. The unusual fac-
WO, groups each have one terminal oxygen atom with an ex-
tremely long W—O, bond of 1.88(2) A. For this rcason, these
oxo groups are assumed to be protonated and therefore to obey
Lipscomb’s rule.** Bond lengths and angles are presented in
Table 2.

As shown by the crystal structurcs of
[Sh,W,,M,0,,(H,0) J** ™ (M = Fe?*, Co?". Mn?",
Ni? '), anions of type 4% are closely related to 3. Two f-B-
SbW, subunits are linked together by two corner-sharing WO
octahedra. Furthermore, two transition-metal atoms are bond-
ed through two oxygen atoms of one unit and one oxygen atom
of the other unit to the tungsten - oxygen framework (Figure 4).
Formally the fuc-WO, groups have been exchanged for transi-
tion-metal ions with three aquo ligands. This unusual formation
leads to three free coordination sites at the transition-metal
atoms that arc completed by water molecules.

Figure 4. Structure of the [Sb, W, M,0,,(H,0),]'* 72"~ anions 4. M"™ = Fe"
Co?*, Mn?*. Ni?* (W =blue. Sb=orange. M =green, O =dark red.
H.O = light red).

Conclusion

A series of novel antimony-containing heteropolyanions have
been prepared and characterised by X-ray structure analyses.
The o-B-XW, structure type is shown in 1, fragments of the
p-B-XW, structure type were found to form the larger clusters
2, 3 and 4. Besides this, a new general reaction route for the
synthesis of large clusters containing Keggin fragments and
transition metals is proposed: stable preorganised, highly nega-
tively charged subunits (after intramolecular reorganisation, de-
pending on the reaction milieu) react with electrophilic groups
like Sb** or fac-WQO, to give stabilised intermediates. By the
coupling of these intermediates larger heteropolyanions (with
particular sites between the Keggin fragments for exchange
reactions) can be generated. They subsequently react with vari-
ous transition metals to give heteropolytungstates like 4. This
useful strategy opens a wide field in the synthesis of new poly-
oxometalates and has already been applied successfully to the
preparation of several transition-metal-containing bismutato-
tungstates.>®)
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Experimental Section

Crystal structure determination: Diffraction experiments were performed on
a Siemens R 3 (for 1) and a Syntex P2, diffractometer (for 2 and 3). respec-
tively with Moy, radiation (4 = 0.71073 A) and with corrections for absorp-
tion (empirical), Lorentz and polarisation effects. The structures were solved
by direct methods with the program SHELXS86 and refined (on F?) with
SHELXL 93 by full-matrix least-squares. Oxygen atoms were refined isotrop-
ically; all other atoms were refined anisotropically. The three crystal struc-
tures exhibit the {requent appearance in this class of polyoxometalates of
large disorder in the range of counterions and water molecules. Because of
this, the exact formulae were determined by elemental analysis. Details of the
data collection and processing, structure analysis and refinement for 1. 2 and
3 arc summarised in Table 1.

NayISbW,0,4,]-19.5H,0 (Nay[1]-19.5H,0): The salt of 1 was prepared by
the reaction of Na,WO,-2H,0O (40 g, 121 mmol) in boiling water (80 mL)
and dropwise addition of Sb,0, (1.96 g,6.72 mmol) dissolved in concentrated
HCI1 (10 mL). The mixture was refluxed for 1 h and allowed to cool slowly.
Colourless crystals of Nag[1}-19.5H,0 werc formed after evaporation of
one-third of the solution volume. Yield: 28.0 g (72%); H;,Na, 04, ;SbW,
2862.62: caled Sb 4.22, H,0 11.79; found Sb 4.25, H,O 12.18; IR (KBr):
B =920, 890 (W—-0), 767, 715cm ™" (W-0y,,).

INa,Sb,W,,0,;,(H,0),]*2” (2): Solid SbCl, (1.20 g, 5.26 mmol) was dis-
solved in a boiling solution of Nay[SbW,0,,]-19.5H,0 (15.6 g, 5.24 mmol)
in water (30 mL). The resulting yellow mixture was refluxed for 1 hat pH 6-7
and allowed to cool slowly. After addition of N(CH,),Cl (6.8 g, 62 mmol)
pale yellow microcrystals of [N(CH;)],,Na,,[Na,SbyW, O ;,(H,0)]J
72H,0 (monoclinic form) were formed over several hours. Yield: 14.5¢g
(91%); CooHa7,N oNay ,0,0,SbgWye 12137.01: caled C 417, H 1.99, N
1.36,Sb 7.76, Na 3.07. H,0 10.44; found C 4.02, H 2.06, N 1.31, Sb 8.03, Na
295, H,O 10.68. Large crystals of the tetragonal modification
[N(CH,),],,Na,,[Na,Sb W, O, ;,(H,0),]-26 H,0 used for the X-ray inves-
tigation were obtained after several days. C,(H 4N, Na ,O,,,Sb,W,
11308.31: caled C 4.24 H 1.59, N 1.23, Sb 8.61, Na 2.85, H,0 11.46; found
C 411, H 1.65, N 1.28, Sb 8.89. Na 2.93, H,0 11.83: IR (KBr): ¥ = 985
(W 0,). 900, 865, 820, 775, T45cm ' (W=0y,).

{Sb,W,,0,,(OH),I"*~ (3): The sodium salt of 1 (10g. 3.49 mmol) and
Na,W0,-2H,0 (2.3 ¢, 6.99 mmol) were dissolved in water (10 mL) while
gently hcated. By dropwise addition of 1M HCI (23.5mL) the pH of the
reaction mixture was set to 4—5; the mixture was then evaporated to one-
third ofits volume. After cooling, the sodium salt of 3 was formed with a yield
of 6.7 g (63%). Crystals of K,,[Sb,W,,0,,(OH),}-27H,0 were obtained
after recrystallisation of this compound with KCl (2.68 g, 35.9 mmol)
in  water (10mL) by diffusion techniques. Yield: 4.6g (67%);
H; oK ,0,,35b,W,, 6699.60: caled Sb 3.70, K 7.28, H,0O 7.29; found Sb
377, K 7.26, H,0 7.49; IR (KBr): ¥ =950 (W-0,), 840, 800, 715cm™!
(W-Oyp).

1Sh,W,,M, O, (H,0) 472~ (4; M"* = Fc**, Co?*, Mn?*, Ni**): Salts
of 4 were prepared by the reaction of stoichiometric amounts of 3 with the
transition-metal salts Fe(NO,);-9H,0, CoCl, 6H,0, Mn(NO,), 4H,0
and NiCl,-6H,0 at pH 6-7 and 75° C.13¢]
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