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Introduction

& During the last few decades, extensive experimental and computational elemental combinations, these have not been isolated yet, and only one
studies have been carried out to elucidate the formation, structure and In/Sb species has been described in the literature.!'Xl Therefore our current
bonding of multinary Zintl anions.l1=!In this context, the exploration of new  research aims to investigate these unexplored combinations to improve
elemental combinations plays an important role and has been addressed the understanding of Zintl anion formation and to provide insight into
with great activity and success. Nevertheless, regarding binary Zintl anions intermetallic bonding within them. Herein, we present the results from
comprising Sb atoms, only examples with Snbl and Pbl® as the other reactions of K.In,Sb, K.Tl,Sb,,[*?land a novel intermetallic phase with the
component have been known. While the existence of Ge/Bi,l’l Ga/Bi, ]  nominal composition ‘K,GeSb’, which was shown to mainly comprise the
In/Bil8land TI/Bi®! Zintl anions and also quantum chemical calculations!'®  single-crystalline alloy K,,Ge,:Sb,. The extractions of these phases
suggest the existences of similar molecules with Ge/Sb, Ga/Sb and TI/Sb  afforded several novel binary Zintl clusters of different sizes (4—-18 atoms).
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Precursor and Cluster Synthesis = Intermetallic solids are prepared by stoichiometric combination of the elements in a
"~ °  niobium ampoule that is fused using arc-welding and is then sealed in a silica glass
ampoule in vacuo and heated in an oven. The metallic products are pulverized, and
can afterwards be extracted with ethane-1,2-diamine and crypt-222 yielding the
[K(crypt-222)]* salts in crystalline form upon layering with toluene or MTBE.
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In/Sb Zintl anions

Different extraction times of K;InSh,, K T1,Sb,!*3l yield
single crystals which are analyzed by SCXRD, u-
XFS, and time-dependent pressurized-sample
Infusion ESI-MS.

A phase with the nominal composition “K,GeSb” was
Identified as a double salt of "K;[GeSb;]" exhibiting
carbonate-like [GeSb,]>~anions and “K,Ge, ;"
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* First K/In/Sb phase - well defined building blocks
* First molecular In/Sb clusters from a ternary phase

* Analyses: u -XFS, PXRD, SCXRD

« Metallic "Ge, 2" substructure

* (e positions only partially occupied
- Ge,?~dumbbell (Ge2 sites) and half a
Ge?~ (Ge3 sites) per formula unit!t®] the crystallographic ¢ axis.

InSh,

Plot of the electron density along

Ge/Sb Zintl anions

The extraction of K,,Ge;:Sby yields single crystals
which are analyzed by SCXRD, p-XFS, and time-
dependent pressurized sample infusion ESI-MS.

Bond analysis

Quantum chemical calculations were performed to ex-
plore the electronic structures.[14
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Unexbected structure variabilit Tos oot towo oo [P v » Close relationship between In/Sb and TI/Sb system
(Sh,)*" ) Partiaﬁl disordered Ge/Sh os>i/tions MOs of (TISh,)2". MOs of (TI,Shs)3". * Highly time-dependent cluster formation
byproduct Y P « X-ray sensitivity observed while measuring

 Ge and Sb atoms at the boundary of

_ _ _ The DFT method as implemented in Turbomolel'*was used with the
match/mismatch combinations

TPSS functional and the dhf-TZVP basis sets. - Similar cluster growth as in Ge/Sb system?
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Conclusion Outlook
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* Ge/Sh, In/Sb and TI/Sb Zintl clusters can form a variety of molecular anions * Reactions of the new Zintl anions with d- and f-block metal complexes
* Time/concentration of extraction strongly influence the cluster formation « Elucidation of cluster formation and reaction mechanisms
,* The synthesized Zintl anions are a starting point for rich follow-up chemistry « Transfer of methods and concepts to more elemental combinations
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