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Bottom-up syntheses of nanostructured (semi)metallic materials from Zintl

phases have precedent in germanium and silicon chemistry.[1] Therefore,

similar to germanium- and silicon-based materials, the use of well-defined

molecular precursors, such as the Zintl anion Bi2
2–, might lead to a better

control of the oxidative formation of bismuth-rich nanostructures.

Therefore, the previously reported Zintl salt [K(crypt-222)]2Bi2
[2] was

prepared in large scale and treated with Lewis-acidic transition metal

complexes. In a reaction of [K(crypt-222)]2Bi2 with [CpRu(NCMe)3][PF6],

the new compound [K(crypt-222)][{CpRu}3Bi6]·0.5tol (1) was obtained.

[{CpRu}3Bi6]
– ([1]–) is the lowest-charged bismuth-based cluster anion

reported so far, and the first one obtained from a well-defined

polybismuthide anion – in notable contrast to reported work that started

out from ill-defined solid phases.[3-5] Herein, the new synthesis route is

presented along with the results of detailed quantum chemical analyses

and a comparison of [1]– with similar cluster anions like [{Ir(cod)}3Bi6]
–

([2]–) and [{Mo(CO)3}3Bi6]
4– ([3]4–).[6]
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Figure 1: MS and NMR spectra of molecule 1. a) High resolution ESI mass spectrum in

negative ion mode of the mixture of [K(crypt-222)]2Bi2 with [CpRu(MeCN)3][PF6] in 1,2-

diaminoethan. Overview spectrum between 200 and 2000 m/z with a close-up on the signal

of [1]– (top: measured, bottom: calculated). b) 1H-NMR spectrum of 1 in (D7-DMF) with

assignment of the signals.
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Figure 3: MO-scheme of the frontier orbital region of Bi6
2– and [1calc]–. For the latter,

MOs with a contribution to bismuth atoms of more than 20% were considered in the

energy plot. Isovalues of the MOs are plotted with ±0.027 a.u.[7]
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Figure 4: Side-view of non-localizable MOs of Bi6
2– and [1calc]–

and [3calc]4– with an isovalue of ±0.027 a.u. and [2calc]– with an

isovalue of ±0.015 a.u.. a) HOMO-1 of [1calc]–, b) HOMO-1 of

[2calc]–, c) HOMO-1 of [3calc]4–.[7]

• φ-aromaticity can be found in [1calc]–

along with a highly regular structure

• [2calc]– and [3calc]4– are both slightly

distorted and therefore are less
φ-aromatic
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Figure 5: Illustration of the current density 

calculated for [1calc]–. a) Perpendicular view of the 

plots to illustrate their positions in the prism. b) 

Vector magnitude of magnetically induced current 

density (in nA/T), calculated for [1calc]–.
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Cluster 

anion

[1]–

(RuCp)

[2]–

(Ir(cod))

[3]4–

(Mo(CO)3)

dA

3.089-

3.134

3.071-

3.259

3.067-

3.199

∆dA 0.045 0.188 0.123

Table 1: Representative bond length for [1]–, [2]– and [3]4–.[6] dA stands

for the bond length in the bismuth triangles.

Figure 2: Geometry optimisations of Bi6
q– fragments with q = 0 – 4,6.[7]

basis: dhf-TZVP

ECP 60 (Bi), 28 (Ru)

functional: TPSS

COSMO

• If the t.m. fragments are all 1+ charged, the {Bi6} framework in the cluster is

4– charged, which would be distorted according to the geometry optimisations

• For 1, the {Bi6} framework in the crystal structure is really symmetric, which was

only calculated for lower charged {Bi6} frameworks in geometry optimisations
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• [K(crypt-222)][{CpRu}3Bi6]·0.5tol (1) has been synthesised via a

bottom-up approach starting from [K(crypt-222)]2Bi2 and

[CpRu(MeCN)3][PF6]

• The anion in 1 exhibits the most regular {Bi6} framework obtained so far

• A substantial diatropic ring current has been calculated for [1calc]–

• Due to the similarity of the HOMO-1 of 1 and an atomic fz3 orbital the

term φ-aromaticity is introduced here[8]

• Obtain further {Bi6} fragments with different 12-e− transition

metal fragments by

o the shown bottom-up approach

o exchanging the transition metal fragments on 1

• Usage of different kinds of sequestering agents

• (Electro-)chemical formation and deposition of bismuth-based

cluster anions
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