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There are two iodides of scandium (Figure 1), the rather
trivial insulator Scl; and the scandium-deficient compound
Scool, ! which is metallic above and insulating below
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Figure 1. Compounds in the Sc/C/I system (binary C/I and Sc/C
compounds are omitted).

approximately 100 K. At low temperatures, the excess
electrons (according to 9 x Scygl, = (Sc*)s[1,(17)15(e )¢ for
a hypothetical ninefold superstructure) are localized in
scandium 3d states, resulting in the presence of some divalent
scandium (Sc**), as revealed by the compound’s well-resolved
ESR spectrum.? Excess electrons may also be used for Sc—Sc
bonding, as evidenced by the rather short Sc—Sc distance of
328 pm in NaSc,I¢”! and supported by band-structure calcu-
lations.>*! The Sc—Sc bonding and Sc—I antibonding inter-
actions must be finely tuned at the Fermi level,”) which
explains the enigmatic scandium deficiencies observed not
only in Scy,l,, but also in CsScyls, for example.>*

Excess electrons may not only be delocalized, as in
metallic Scyl,, or localized at the atoms (Sc**, paramagnetic)
or in bonds, but may also be used by a third partner. This is, at
least in a simple (ionic) model, the case in Sc,C,I = (Sc*),-
(C)(I)6P! In this compound, in addition to Coulombic
Sc**—1~ interactions, there are also strong covalent Sc—C and
Sc—Sc interactions, as revealed by the short Sc—Sc and Sc—C
distances of 302 and 200 pm, respectively. A similar picture
holds for Sc,C,1,,,! which bears one excess electron in this
model.

In an attempt to produce Sc,C,1;; in pure form for physical
measurements, we have now obtained Sc,,CL," a slightly
more scandium-rich carbide iodide than Sc,C,I4= Sc,Cl;
(Figure 1).) The new compound is better formulated as
Sc,4Ciol50, as its solid-state structure is built from molecules of
this composition. The large cubic unit cell (V= 16.943(3) nm®
at 293 K) contains eight crystallographically equivalent
Sc54Ciolz molecules.” As one eighth of the unit-cell volume
is 2.12 nm?, and if a space filling of 70% is assumed, each
molecule has a volume of 1.48 nm® and a diameter of 1.42 nm
(if it were spherical).

The “nanomolecule” Sc,,Col5, has an outer envelope of
30iodine atoms (Figure2). A T4 supertetrahedron would
consist of 35 iodine atoms (according to Yatoms = ['/;(n+1)
(n+2)(n+3)], for a Tn supertetrahedron, with n =4), but as it
is hollow (—1 iodine atom) and truncated at the four corners
(—4 iodine atoms), there are only 30 iodine atoms in the outer
shell. This truncated, hollow T4* supertetrahedron surrounds
a T3 supertetrahedron of 20 scandium atoms, which is filled
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Figure 2. Space-filling model of the Sc,,C;ol35, molecule. Sc blue,
C black, I pink.

by a T2 supertetrahedron of 10 carbon atoms, which, in turn,
is filled by a T1 tetrahedron of four scandium atoms
(Figure 3). Therefore, the molecular structure of Sc,,C,yls,
which can be described as Sc,C;,Scy0l50 =T1 + T2 + T3 + T4*,
is reminiscent of a Russian doll, or, in other words, the
molecule has an onion-like structure.

In the Sc,,C,ol5, molecule, the 20 scandium atoms of the
T3 supertetrahedron form 10 tetrahedra, which share
common vertices and are filled with single carbon atoms.
Each of the octahedral interstices of the T3 supertetrahedron

T1 T1+T2

T14T24T3

Figure 3. Structure of the Sc,,Cyl5o molecule: Sc,=T1; Sc,Cio=T14+7T2; Sc,CioScro=T1+T2+T3;
Sc,CioSCaol3o=T1+T24+T3+T4" (T4" is the truncated, hollow T4 supertetrahedron). Sc blue, C black,

| pink.

is occupied by one of the vertices of the inner Sc, T1
tetrahedron. The 10 carbon atoms have the same arrange-
ment as the carbon atoms in adamantane (C,,H;¢); both
structures can be interpreted as fragments of the diamond
lattice. They also have the same topology as the oxygen atoms
in P,O,,, which encapsulate a P, tetrahedron. Thus, the P,O,,
molecule and the Sc,C,, fragment are isostructural. The
shortest Sc—Sc distance in Sc,,C oI5, is only 276 pm, much
shorter than that in Sc,C,I¢ (302 pm). Additionally, the Sc—C
interactions of 200-210 pm in the Sc,C tetrahedra of Sc,,Cyol3,
must be regarded as strong, when compared with the Sc—C
distances of approximately 230 pm observed in the ScsC
octahedra of Sc{Sc,C}I,,.!

In the cubic unit cell (Pa3), the Sc,,C,ol;, molecules are
arranged in the same way as the nitrogen atoms in solid
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nitrogen.”! Pairs of Sc,,C I3, molecules are oriented with
their triangular faces towards each other; the distance
between the centers of the molecules is 1190 pm (Figure 4).

Figure 4. Spatial arrangement of the inner Sc, T1 tetrahedra, which are
representative of the complete Sc,4Cyl;p molecules, as viewed down
the [111] direction. The similarity between the structures of Sc,,Cil30
and solid nitrogen is highlighted by the dashed lines, which indicate
pairs of molecules, as described in the text.

Of course, unlike the nitrogen
atoms in the N, molecules, the
ScyCiolsy molecules are only
held together by van der Waals
interactions.

The Sc,, T3 supertetrahe-
dron of the {Sc,C;(Scy)* ion
in its {I;}** envelope has the
same structure as the recently
discovered Au,, supertetrahe-
dron.™ A filled supertetrahe-
dral anion was also found in
Css[Sn100,S5](H,0)13, for
example.""!  Supertetrahedra
are by no means uncommon in
chalcogenide chemistry,['?
although the first oxidic T5

only recently observed in

T14T24T34T4"

supertetrahedron
NayMny0ss."!
In Sc,,Cyol5 (with C*~ and I'7), scandium has an oxidation
state of slightly less than + 3 (4 2.92), if a purely ionic model
is considered. Hence, there are two excess electrons per
molecule, according to (Sc™),,(C*)1o(I17)s0(e7),- These elec-
trons can be expected to reside in the empty Sc, tetrahedron,
in analogy to the 20 electrons that occupy 10 bonding orbitals
(four-center, two-electron (4c—2e) bonds) in the naked Auy,
cluster.'” Indeed, extended Hiickel molecular orbital
(EHMO) calculations for {Sc,}'*f, as well as for
{Sc,CioScy)*** reveal similar bonding pictures.' In both
cases, the HOMO is a 4c—2e orbital (Figure 5). Of course, the
empty Sc, tetrahedron could also be filled with two hydrogen
atoms, which would consume the two electrons. Although the
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Figure 5. The HOMOs for the {Sc,}'°" tetrahedron (left) and the

{Sc4CroScyo)’® cluster (right), as well as the molecular orbital diagram
for {Sc,CyoScy0}*®F, obtained from EHMO calculations.

hydrogen atoms in related compounds usually occupy octa-
hedral sites, which are displaced away from the center
towards a triangular face of the octahedron, the possibility
that hydrogen atoms occupy the Sc, tetrahedron cannot be
completely ruled out. However, the yield was not enhanced
when hydrogen was deliberately added to the reaction, either
as ScH, or as hydrogen gas, which diffuses through the
tantalum container at the chosen reaction temperature.

In the Sc/C/1 system (Figure 1), Sc,Cl;, = (Sc*H){(Sc*),-
(C*)(e)s}(I)yp, in which single carbon atoms occupy the
centers of scandium octahedra, is certainly the most stable
compound.®! In Sc,C,I;; and Sc,C,I;, C, (ethanide) units
occupy the scandium octahedra.”! In Sc,C,l;, the octahedra
share trans edges to form chains. Every second octahedron is
distorted in such a way that it can also be described as two
tetrahedra sharing a common edge. As mentioned above,
ScyCiolsy is only slightly more reduced than Sc,C,lg=
ScyCilz- Thus, it can be argued that the incorporation of
an empty Sc, tetrahedron stabilizes the Sc,,C,jl;, oligomer.
Oligomers are rather uncommon in the chemistry of intersti-
tially stabilized rare-earth-metal halide clusters. With scan-
dium, the bromides Sc,yZ,Br,; (Z=Mn, Fe, Ru, Os) are
known.!”! These compounds contain the R;sZ,X,, oligomer
(R=rare-earth metal, X =halogen) first observed for
Y,RuL;."® The component R,Z, cluster consists of four
edge-sharing R¢Z octahedra. Carbon atoms in tetrahedral
interstices are known from RbPrsC,Cl,,."” In this compound,
two Pr,C tetrahedra share a common face to form a Pr;
trigonal bipyramid, which encapsulates a C, unit.

The crystal structure of Sc,,C,4l5, consists of molecules of
the same composition, which are packed in the same way as
the nitrogen atoms in solid nitrogen. The molecules have an
onion- or Russian-doll-like structure, (e~),Sc,C,Scyls, and
contain two excess electrons, which reside in the inner Sc,
tetrahedron and occupy a 4c—2e orbital.
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