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The most impressive feature of the crystal structure of IrPr6Cl11 is
chains of face-sharing {Pr6} octahedra that encapsulate, alternat-
ingly, iridium atoms and chloride ions, according to the formulation
{(Ir,Cl)Pr6}Cl10. An alternative description of the structure is the
connection of isolated {IrPr6} clusters that are surrounded in a
mixed {ZR6}X

i
12/{ZR6}X

i
8 type by chlorido ligands with a rather

complex connectivity, {IrPr6}(Cl
i-a-a

4/3Cl
a-i-a

8/3Cl
i-a

6/2Cl
a-i

6/2)
e-

(Cli-i
2/2)

f, to a three-dimensional structure of tetragonally packed
cluster-complex chains.

Examples for isolated octahedral rare-earth-metal (R)/
halide (X) cluster complexes are rare; none are knownwithout
an endohedral atom Z contributing its electrons for Z-R
bonding. There is one almost ubiquitous structure type, espe-
cially for iodides, the {ZR6}X12R type, in laboratory jargon
also called the 7-12 type. A wide variety of endohedral
possibilities have been collected, from both main-group and
transition elements.At present,we count almost 100 examples,
with {CSc6}I12Sc belonging to the first examples for which it
was recognized that an endohedral atomwas needed.1 They all
contain the principal {ZR6}X

i
12X

a
6 building units that are

connected via i-a/a-i bridging according to {ZR6}X
i
6X

i-a
6/2-

Xa-i
6/2R,where a stands for terminal (μ1) and i for intracluster

(μ2) bridging ligands (over the edge of theR6 octahedron); i-a
and a-i denote intercluster bridging.2

Further bridging leads to the {ZR6}X10 type. Compounds
of that type almost exclusively crystallizewith a structure first
observed for {RuY6}I10,

3 for which the connectivities can be
depicted as {ZR6}X2

iXi-i
4/2X

i-a
6/2X

a-i
6/2. {FeLa6}Br10

4 and

the new structurally different {IrPr6}Cl10
5 appear to be the

only exceptions at present. In these, not only are edge-bridging
halide ligands present, but there are also face-capping ligands.
Thus, they may be described as being derived from a mixed
{ZR6}X

i
12/{ZR6}X

i
8 type of cluster complex, which, of

course, accounts for more diverse connectivities. Surprisingly
enough, the endohedral atoms found so far for that structure
type are almost exclusively transition-metal atoms from
groups 8-10 with the exception of {(C2)R6}I10 with R =
La, Ce.6 This may be interpreted in terms of the electron
counts, with 14 and 16-18 electrons available for intracluster
bonding with Z=C2 and group 8-10 elements, respectively.
The intermediate formula type, {ZR6}X11, is rather elusive.

There are only two examples in the literature: {(C2)Sc6}I11
7

and {CoLa6}Cl11.
8 The former is based on less connections

according to {(C2)Sc6}I
i
4I
i-i

2/2I
i-a

6/2I
a-i

6/2 and the latter is,
again, a mixed {ZR6}X

i
12/{ZR6}X

i
8 type with rather compli-

cated connections.
During recent attempts to gain more insight into the

Z/Pr/X systems (with Z = group 8-10 elements; X = Cl,
Br, I), we have not only observed {RuPr3}Cl3

9 and {IrPr3}I3 as
well as {IrPr6}Cl10

5 but also {IrPr6}Cl11.
10-12 Unfortunately,
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{IrPr6}Cl12Pr was never seen, which would make the series
complete, although the iodide {IrPr6}I12Pr has been reported.

13

The crystal structure of {IrPr6}Cl11 is rather unusual,
although it can be understood formulawise as an intermedi-
ate between {IrPr6}Cl10 and {IrPr6}X12Pr. It is on the lower
endof intracluster-based electrons, 16, as compared to 17 and
18 for the latter two. The {IrPr6} octahedron with the
surrounding chloride ligands, as shown in Figure 1, is rather
distorted. It shows an unusually large compression along the
Pr1-Ir-Pr1 pseudo-4-fold axis ( pseudo because the crystal
system ismonoclinic) with Ir-Pr1 distances of only 254.52(8)
pm, as opposed to 303.01(6) pm for Ir-Pr2. Still the average
of 287 pm lies in the usual range for Z-R distances in
octahedral lanthanide clusters. This distortion affects also
the intracluster angles,which deviate from90� by almost(9�;
it also affects the Pr-Pr distances along the 12 edges of the
octahedron, of which two are at 458.6(1) pm (see the broken
lines inFigure 1); all of the others fall in a rather normal range
around 395 pm. The distortion might be explained in the
same manner as that for {FeLa6}Br10, with a 16-electron
cluster as in the present case of {IrPr6}Cl11, by a Jahn-Teller-
like stabilization, setting off the degeneracy of the t1u levels.

4

The {IrPr6} octahedron is surrounded by a total of 26
chloride ligands, with distances ranging from 285 to 307 pm.
The connectivity is described by the following formulation:
{IrPr6}(Cl

i-a-a
4/3Cl

a-i-a
8/3Cl

i-a
6/2Cl

a-i
6/2)

e(Cli-i
2/2)

f, with e
and f referring to edge and face capping of the chloride
ligands with respect to the {IrPr6} octahedron. Hence, in
{IrPr6}Cl11, the cluster is also of a mixed {ZR6}X

i
12/{ZR6}-

Xi
8 type. It is Cl4 that caps two triangular faces, although

with distances of 287 (2�) and 307 pm, it is slightly off-center.
Through the i-i ( μ3-μ3) connection, it gains a coordination
number of 6 and connects the cluster complexes, together
with other bridgings, to a chain that is depicted in Figure 2.
Taking Ir-Pr distances of 255 and 303 pm (average of

287 pm) and Cl4-Pr distances of 287 and 307 pm (average of
300 pm) and the differences in size of the iridium and chlorine
atoms into account, one could also interpret Cl4 as an end-
ohedral atom occupying, alternating with iridium atoms, the

centers of Pr6 octahedra. Therefore, {IrPr6}Cl11 can also be
written as {(Ir,Cl)Pr6}Cl10 with chains of face-sharing {ZPr6}
octahedra with alternating endohedral atoms/ions Z = Ir,
Cl. Although chlorine has an electron affinity considerably
higher than that of iridium, that of the latter is by no means
negligible. This is the reason why we have chosen to under-
stand cluster complexes with electronegative endohedral
atoms (main-group and transition-metal atoms alike) just
as anti-Werner complexes.2 In these, the central atom is an
electronegative atom (Z = Ir and Cl in the present hetero-
endohedral case), which is surrounded in the first coordina-
tion sphere by electropositive atoms (R = Pr) and in the
second coordination sphere by electronegative atoms (X=Cl).
Bonding is of the polar covalent (Z-R) and rather ionic
(R-X) types; see also ref 9.
The cluster-complex chains in {(Ir,Cl)Pr6}Cl11 are further

connected via chloride bridging to neighboring chains. Packing
of the chains parallel [001] is of the (somewhat compressed)
tetragonal type, as shown in Figure 3.
In conclusion, with {IrPr6}Cl11, or better {(Ir,Cl)Pr6}Cl10,

we have found an additional example for the still-rare class of
mixed {ZR6}X

i
12/{ZR6}X

i
8 type cluster complexes. It is only

the third such example for the {ZR6}X10 formula type, with
the other two being {FeLa6}Br10

4 and {IrPr6}Cl10.
5 It fea-

tures chains of cluster complexes with {IrPr6} octahedra
isolated and connected via i-a bridging and with one i-i
bridging chloride of coordination number 6, centering a
Pr6 octahedron. Therefore, an alternative description of the

Figure 1. {IrPr6} octahedral cluster with its surrounding chloride ligands
as it appears in {IrPr6}Cl11.

Figure 2. Connection of isolated {IrPr6} octahedral clusters via halide
ligands, highlightingCl4witha coordinationnumberof6 in {(Ir,Cl)Pr6}Cl11.

Figure 3. Nearly tetragonal packing of the cluster-complex chains and
their connectionvia commonhalide bridges in the crystal structure of {(Ir,
Cl)Pr6}Cl11.

(12) Crystal data for {IrPr6}Cl11: monoclinic, space groupC2/m (No. 12);
a= 1032.6(2) pm, b=1273.5(3) pm, c=731.85(16) pm, β=94.705�, V=
959.2(4) � 106 pm3; Z = 2; 5.19 < θ < 55.52; Mo KR radiation (graphite
monochromator, λ=71.073 pm);T=293(2) K; F(000)= 1236; μ=23.345
mm-1; 20 228 reflections measured, 3716 unique, 1188 observed. Rint =
0.0511, R1/wR2 = 0.0260/0.0469 [I0 > 2σ(I0)] and 0.0396/0.0490 [all data];
GOF on F2 = 0.904.
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structure is chains of face-sharing octahedra centered by
alternating iridium and chlorine atoms, according to the
formulation {(Cl,Ir)Pr6}Cl10.
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