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09.5-12 LANTHANCID CARBIDE-HALIDES - THE
BORDERLINE FOR METAL-METAIL BONDING. By
Hj.Mattausch, ¢.Schwarzs, A.Simon, Max-Planck
Institut f4r Festkérperforschung,

D-7000 Stuttgart-80, FRG

The lanthanoids form various metal-rich hal-
ldes. With few exceptions, such as Gd,X

Tb,¥4; X=Cl,Br, they are most commonly %ound as
ternary conpounds with nonmetals like H, B, C,
and HN. Especially large is the number of car-
bide~halides, of which those compounds contain-
ing gadelinium were examined in more detail.

The structurally characterized phases dre lis~
ted in Table 1 according to their "extent of
condensation™. In this classification scheme
lies the fundamental concept that these struc- -
tures are constructed from edge-sharing Gd X 2
clusters, in which their centers are occupied
by € atoms or €, units. Thus, a strong struc-
tural correlation with the metal-rich transition
metal compounds, e.g. Zrcl, 2ZrBr, is obtained.
When the number of electrons available for me-
tal-metal bonding in clusters of the d-~elements
is too small, especially for 2Zr, (e.g. ZrglqoX
with X=B,C; ZrgI,,C), onsz finds nommetal atoms
inserted in these clusters. The number of elec~
trons associated with the interstitial nonmetal
atoms increases, while ths number of bonding
states in the cluster remaing constant. The
formalism described here 1s not a usual one for
chemical bonds. Extensive charge transfer from
metal to nonmetal cccurs especially with the
electropositive lanthanoid compounds.
Therefore, these structures are alternatively
described as a defect NaCl variant: in the
EaT close~packed arrangement of X and ¢t or
ions, the G4 ions occupy the octahedral

holes around the more highly charged C species.
Using the ionic model, the geometrial details
of these structures can be simply explained,
(e.g. the shifting of the C atoms from the cen-
ters of the octahedra, the distortion of the
octahedra, etc.). Very importantly, a predic-
tion of the C,. species 1s possible from the
electron balance with a knowledg of the compo-
sition: so in (G4 + (gl ) )2 there is a
C~C single bond, in %G }é ?2(C2 ), a c-C
double kond. In some ccmpounds up to 3 valence
electrons per formula unit rgmalns 1n4§etal—
centered states, e.g. in (Gd”7)4(I) 3C77. (eT),.
These can partially occupy bonds with metal-me-
tal bcndlng character, as is well known for

cl . There now results a simple picture
of hel* chemical bonds: the strong heteropolar
G3-C and Gd~¥ interactions are supplemented by
the relatively weak metal-metal bonds.

Tadble 1
Edge sharing dCd C-
Qctahedra yn] Species
Gd100116%; two 321-408 G,
GdygClyCy twe 312-401  Cy°7
Gey0T44C4 two 328-400 €57

Gdy,X17Cg (¥=3r,1) 1 -chain 318-427 €5

Gd,IsC

G2gX,C, (X=Br,I) -double chain 335-395 c*
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Gd4I,C 1 -doubie chain 331-3s1 %"
GapXpCy (X=CL,37,1)2 ~lavers 345-300 ¢4
Gd,Br,C 2 -layers 343-382 ¢
Ga;CLsCy 2 -layers 340-335 <77
Gayic 2 -layers 338-380 <77
Ga,C1,¢ 3 -nets 328-368 ¢4~

STRUCTURES OF ORGANIC AND COORDINATION COMPOUNDS

098.5-13 STRUCTURES WITH OLIGOMERIC CLUSTERS
IN THE INDIUMOXOMOLYBDATES: InjiMosqOgp,
InsMo41044. By Hl.Mattausch, A. imon, Max-
Planc. —Institut Itr Festko*perforschung, 7000
stuttgart-80,FRG

inflnlte chains of Mos—octahedra condensed via
opposite edges are present in the structure of
Na¥o,0 (C.C.Torardi, R.E.McCarley, J.Am.Chem.
Soc. 1979, 101, 3963). The Mo,0¢ chain can be
1nterruoted by structural d1=orger in the crys-
tal.

In11Ho4006 is the first compound (Hj.Mat-
tausch, glmon, E.M.Peters, Inorg. Chem. 1986,
25, 3428), where discrete cluster anions with
four and five condensed Mo -octahedra are ar-
ranged in layvers, which are stacked in an al-
ternating sequence (fig. 1a). A single ollgome-
ric cluster of five condensed octahedra is
shown in figure 1b. All free edges are bridged
by O~atoms. The channels between the cluster
anions are ggcupied bg linear M~-M-bonded poly-
cations Ing and Ing Thé layers seen in
fig. 1a have the general composition

I Mo O¢piar Where n indicates the number
ogn+%5 ggtghggrg in-the oligomeric cluster. The
number of Mo-Mo-bonding states can be estimated
by sultable fragmentation of the oligomerlc
cluster into HMog0;,+(n-1)Mo,0g units (A.Simon
in A.XK.Cheetham ahd P.Day (Eds.) Inorganlc
Solids, Oxford University Press, in print).
According;y, one expects, besides "homogeneous
structures?" (i.e. structures with a single type
of layers), also structures with clusters of
other length. A first confirmation of their
existence was provided by high resolution
transmission electron microscopy (A.Simon,
W.Mertin, Hj.Mattausch, R.Gruehn, Angew. Chemn.
1985, 98, 831), An electron microscopic photo-
graph of an Ing.Mo,40g; crystal fragment shows
the alternating sequence of the (Mo g) 4 and
(Mog) g-layexrs. Such alternatlng 1ayer segments
occur in ordered regions of 10” pm extension.
In the same sample regions are found in which
stacking disorder is recognizable: two consecu-
tive IngMoq Oyg layers are followed by two im-
mediateiy adjacent IngMo 22034 layers. Another
part of the same sampgn is excluslwely made up
of idgntlcal IngMo,5045, layers over distances
of 10° pm. In the meantime, the respective new
compound InsMo,,0;-, has been isolated as a ho-
mogeneous phase and have been characterized by
X-ray crystallography {a= 3160.8, b= 948.9, c=
983.9 pm).

Fig. a: Projection of the crystal structure of
IngiMoqg0¢y° [010]. The oligomeric clusters
(Moé)d ang (Mos) are arranged in layers (small
circles Ho—a;oms, large circles with crosses
O-atoms )

b: Ollgomerlc cluster with five edgelinked Mos
octahedra in InjyqMo540g5-



