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Antimonate is known to polymerize in aqueous acidic 
solution.2 The polymerization of antimonate was studied by 
several different physical techniques during the 1960s.2-1 e and 
Lefebvre and Maria proposed that a dodecamer was formed in 
aqueous solution on the basis of their potentiometric study.2'' 
Attempts to isolate the polyantimonate from aqueous solution, 
however, have always been frustrated by the formation of 
sparingly soluble, often amorphous precipitates.2df-8 Hence the 
chemistry of polyantimonate has been left virtually uninvesti
gated and scarcely documented. 

After encountering trouble working with the aqueous anti
monate system ourselves, we initiated a study of antimonate in 
nonaqueous media and succeeded in isolating octaantimonate 
as a tetra-tt-butylammonium salt, which is the first example of 
a discrete polyantimonate. 

To an antimonic acid solution prepared by passing a KSb-
(OH)(, solution (20.0 g, 76.1 mmol. in 2000 mL of deionized 
water) through a cation exchange column was added a 10% 
aqueous solution of 1(/J-C4H9J4N]OH (98.0 g, 37.8 mmol). The 
mixed solution was evaporated to dryness, and the resulting 
sticky solid was washed with diethyl ether and dried under 
vacuum to yield 21.1 g of a crude product. Single crystals of 
((/?-C4H9)4N]4|SbsOi:(OH)2o] were obtained as a chloroform 
solvate by dissolving 10.0 g of the crude product in 20 mL of 
chloroform, adding 10 mL of diethyl ether gently to make a 
second layer, and allowing the mixture to stand for 10 days at 
ambient temperature (0.60 g. 0.24 mmol, after drying in vacuo).3 

X-ray structural analysis4 of crystalline !(//-OH.^iNlilSbxOi:-
(OHh>]-5CHCh revealed the presence of [(/2-C4Hg)4N]( cations, 
disordered CHCh molecules of crystallization, and discrete 
[SbsOi:(OH)2(i]4 anions having the structure shown in Figure 
1. The structure is built up from four Sb:Oin subunits. Each 
subunit consists of two SbO,, octahedra connected by sharing a 
common edge. This type of building block is commonly found 
in the structures of complex antimony oxides.6 The Sb20io 
subunits connect to each other in a centrosymmetric manner 
by sharing the corners of the octahedra to form the SbxO^ 
framework. The connection pattern of octahedra in the 
[SbsOi:(OH)2o]4" anion is the same as that observed in rutile. 
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Figure 1. (a) The structure of (SbSOu(OH)211]
4 . Ellipsoids are drawn 

to encompass 50Vf of the electron density. The anion possesses rigorous 
crystallographic I symmetry in the solid state. Selected distances (A): 
SbI-Ol 2.11(1), SbI-02 ' 1.96(1). SbI-04 1.93(2), SbI-05 1.97-
(2). SbI -()7 1.95(1). SbI-OB 1.96(2). Sb2-03 2.09(1), Sb2-04 
1.94(2). Sb2-06 1.93( 1). Sb2-09 1.96(1). Sb2-O10 2.01(2), Sb2-
OM 1.94(2). Sb3-01 2.07(2). Sb.3-03' 2.03(1). Sb3-05 1.97(1). 
Sb3-012 1.95(2). Sb3-OI3 1.92(2). Sb3-014 1.95(2), SM-Ol 2.01-
(2). SM-02 1.95(1). SM-03 2.04(1). Sb4-06 1.95(1). Sb4-015 
1.98(1). Sb4-016 1.99(2). (b) Polyhedral representation of 
[Sb8O12(OH)20]" • 

one of the polymorphs of TiO:.7 Thus the current compound 
can be viewed as a molecular oxide that has a cut-out rutile 
structure. 

The MO() octahedra in [SbxOn(OH)2O]4- are much less 
distorted than those of transition metal polyoxometalates.8 The 
difference between the shortest and the longest S b - O bonds in 
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the current complex is only 0.19 A. The S b - O bond lengths 
to the terminal oxygen atoms lie in the range 1.92—2.01 A, 
while those to the doubly and triply bridged oxygen atoms are 
in the ranges 1.93-1.96 A and 2.01-2.11 A, respectively. On 
the other hand, the bond length differences between different 
types of M - O bonds in transition metal polyoxometalates are 
much more distinct and the longest and shortest M - O bond 
lengths often differ by more than 0.5 A. 

As indicated in the formula, [SbgOnCOH^o]4-, all 20 terminal 
oxygen atoms are protonated.9-12 The exchange of those 
protons seems to be slow on the NMR time scale in polar aprotic 
solvents. In dimethyl sulfoxide, [Sb8Oi2(OH)2O]4- showed 10 
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peaks of equal intensity besides the peaks of the cation in its 
1H NMR spectrum. This is consistent with the 1 symmetry 
observed in the solid state. 

The [SbsO|2(OH)2o]4- salt reported here has good solubility 
in polar organic solvents such as acetonitrile, 1,2-dichloroethane, 
dimethyl sulfoxide, dimethylformamide, and nitromethane. It 
also dissolves readily in water, methanol, and ethanol. Pre
liminary experiments indicate that [Sb80i2(OH)2o]4_ undergoes 
further condensation on heating or on acidification. We believe 
that the current compound will serve as an entrance to 
polyantimonate chemistry. 
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