M30-9 Na3CoS3: A new sulfido cobaltate
with simple formula, but complex structure
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Alkali sulfido metallates have been extensively
investigated by the Bronger group in the 1980s [1]. In the
case of the sodium cobaltates, Na [CoS 4] containing
isolated tetrahedra [2], and the chain compounds
Na [CoS] [3] and Na [Co S ][S] [4] are the only
compounds obtained in these studies.

Applying an alternative synthetic route in directly
reacting the pure transition metals and elemental sulfur
with the alkali metals (or their previously prepared
sulfides), the structure family of the respective ferrates
has been substantially extended in the last years [5-6].
Accordingly, the new sulfido cobaltate(I) Na,CoS,,
which forms dark grey xenomorphic crystals was
synthesized from the pure elements, with a small amount
of CoS, and NagCoS,] as by- products in melt flux
reactions from a sulfur fich sample with the composition
like e.g. Na:Co:S = 2.4:1:6.6 at a maximum temperature
of 760 C.

Contrary to the initial assumption based on the formula,
the new compound does not contain Co(IIl), but is a quite
complex sulfido cobaltate(Il), which exhibits both sulfido
and disulfido ligands besides each other. According to
Na [Co S ][Co S.], the acentric orthorhombic structure
(space group Cmcil) with a large unit cell (a=884.24(2),
b=21717.38(5), ¢=1193.20(3) pm, Z=12), which has been
determined by mean of single crystal X-ray data
(R1=0.0205), contains two different, both yet unknown
sulfido cobaltate ions: The oligomeric anions [COZS7]
are built up from two edges sharing [CoS,] tetrahedra. In
contrast to common d1su1f1do metallates one of the
termlnal sulfido gzands S* is substituted by a
r| -disulfido ligand S ([Co S (S )]8) Chains of [CoS ]
tetrahedra, which aré alternatlngly connected via edges
and corners, form the second building block. Herein, the
disulfid ions as p’ligands are connecting two
corner-sharing tetrahedra Similar anions are yet only
observed in the selenido gallate Cs2Ga2Se5 [7]. The seven
different Na cations are arranged inbetween the layers at
heights x = 1/4 and 3/4 (CN=5 - 8).
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Figure 1. Arrangement of the two anions to form layers in the b-c¢
plane. Chains Niggli fonnula [CoSmS1 /2(5 )1 /2] [Co S ]4.
Dimere formula: [Co, S 5(S, e
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