2. Topics in bismuth chemistry:
From molecules to high-nuclearity metal oxoclusters
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The low toxicity of the amazingly green element bismuth has stimulated in recent years various research projects aimed at the development of novel applications. For example,
these efforts led to the commercial use of bismuth vanadate as non-toxic pigment. Additional examples of bismuth oxide-based materials are bismuth transition metal oxides
used in random access memories and bismuth molybdate used as heterogeneous catalyst.[3 Currently, much work is devoted to the synthesis of thin films, nanoparticles and
nanofibers of heterometallic, doped and pure bismuth oxide. We are interested in the potential of bismuth silanolates as molecular precursors for novel materials.[®#l In contrast
to bismuth alkoxides only few examples of silanolates and bismuth oxoclusters such as [Bi;gNa,0,,(0OSiMe;);¢] and [Bi,,0,4(0SiMe,Bu),,] are known.*¢! Here we discuss
synthetic strategies towards neodymium-substituted bismuth (oxo)silanolates and bismuth oxides. Additionally, attempts to functionalize [Bi,,0,s(OSiMe,'Bu),,] are presented.
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Attempts at isolating crystalline heterometallic bismuth
Similar ionic radii and coordination behaviour of Bi* and Nd3* might oxoclusters upon partial hydrolysis failed so far.
allow the formation of heterometallic oxo-silanolate clusters.

The behaviour of [Bi,,0,6(0SiMe,'Bu),,] in solution ‘ ‘ Is it possible to functionalize [Biy»0,5(0OSiMe,!Bu),,] ? ‘
* [Bi,,0,5(0SiMe,Bu), ] shows a low solubility in THF. [Bi(OSiMe,'Bu),] [Bi,,0,4(0OSiMe,'Bu),,] + 14 [HOOC,,H,;]  [Biy,0,,(0OSiMe,'Bu),,] + 14 [H,0O,P'Bu]
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The cluster size of [Bi,,0,4(0SiMe,'Bu), ] e

is retained in solution. The siloxy groups are readily exchanged by reaction of [Bi,0,5(OSiMe,'Bu),,] with carboxylic-
or phosphonic acids. Preliminary investigations support the hypothesis that the bismuth oxo

core structure is retained after reaction with organic acids.

Conclusion

We have shown previously that partial hydrolysis of bismuth silanolates readily results in large bismuth oxoclusters.! Comparison of the ionic radii, the hydrolytic stability and
the coordination chemistry of metal silanolates of trivalent Bi®* and Nd3* supports the hypothesis that heterometallic oxoclusters should be formed by partial hydrolysis of
mixtures of the respective metal silanolates. However, all attempts to synthesize neodymium-substituted bismuth oxoclusters failed so far. Preliminary results show that
neodymium-substituted bismuth oxides are available from mixtures of the metal tert-butyldimethylsilanolates.

[Bi,,0,6(0OSiMe,'Bu),,] forms upon partial hydrolysis of [Bi(OSiMe,'Bu),]. Its cluster size is retained in solution, but NMR experiments are indicative for a dynamic coordination
behaviour of the siloxy groups. First experiments indicate that the substitution of the siloxy groups by organic acids is feasible. Further work is in progress.
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