Inorg. Chem. 2008, 47, 7954—7956

Inorganic:Chemistr

* Communication

Seven-Coordinate Ruthenium Atoms Sequestered in Praseodymium

Clusters in the Chloride {RuPr;}Cl;

Nina Herzmann,! Anja-Verena Mudring,** and Gerd Meyer*!

Department of Chemistry, Inorganic Solid State and Coordination Chemistry, Universitdit zu Koln,
Greinstrasse 6, D-50939 Koln, Germany, and Faculty of Chemistry and Biochemistry, Inorganic
Chemistry I, Solid State Chemistry and Materials, Ruhr-Universitat Bochum,

D-44780 Bochum, Germany

Received May 22, 2008

The first example for an endohedral transition-metal atom (Ru)
sequestered in a seven-coordinate surrounding of rare-earth metal
atoms (Pr) has been found for {RuPr3}Cls. The monocapped trigonal
prisms of Pr atoms share two rectangular faces, forming a zigzag
chain with Ru—Ru distances of 308 pm. Intracluster bonding is
dominated by Ru—Pr bonding with very little Ru—Ru bonding.

There is a steadily increasing number of new, even novel,
reduced rare-earth metal (M) halides (X) with clusters
incorporating endohedral atoms Z.' These interstitials are
main-group, e.g., C, N, O, or transition-metal atoms, e.g.,
Fe, Ru, Os. The coordination number of the endohedral atom
is mostly six (octahedral or, less frequently, trigonal prismatic
or in between). {CSce}112Sc? and {RuY 16} X20 (X = Br, I)?
are examples. O, N, and sometimes C atoms adopt coordina-
tion number 4 (tetrahedral); {OLa4}Br74 and {Sc4C;¢Sca} 30
may serve as examples. Coordination numbers higher than
6 are still rare. The first example was seen in {OSYg/z}Br46

* To whom correspondence should be addressed. E-mail: anja.mudring @
rub.de (A.-V.M.), gerd.meyer@uni-koeln.de (G.M.). Web: www.
anjamudring.de. (A.-V.M.), www.gerd.meyer.de (G.M.).

T Universitit zu Koln.

* Ruhr-Universitat Bochum.

(1) Simon, A. Angew. Chem., Int. Ed. Engl. 1981, 20, 1. Meyer, G. Chem.
Rev. 1988, 88, 93. Simon, A.; Mattausch, Hj.; Miller, G. J.; Bauhofer,
W.; Kremer, R. K. Metal Rich Halides. In Handbook on the Physics
and Chemistry of Rare Earths; Elsevier Science Publishers: Amster-
dam, The Netherlands, 1991; Vol. 15, p 191. Corbett, J. D. J. Chem.
Soc., Dalton Trans. 1996, 575. Meyer, G.; Wickleder, M. S. Simple
and Complex Halides. In Handbook on the Physics and Chemistry of
Rare Earths; Elsevier Science Publishers: Amsterdam, The Nether-
lands, 2000; Vol. 28, p 53. Simon, A.; Mattausch, H. j.; Ryazanov,
M.; Kremer, R. K. Z. Anorg. Allg. Chem. 2006, 632, 919. Meyer, G.
Z. Anorg. Allg. Chem. 2007, 633, 2537.

(2) Dudis, D. S.; Corbett, J. D.; Hwu, S.-J. Inorg. Chem. 1986, 25, 3434.
Demir, S. Diplomarbeit, Universitit zu Koln, K6ln, Germany, 2007.

(3) Payne, M. W.; Ebihara, M.; Corbett, J. D. Angew. Chem., Int. Ed.
Engl. 1991, 30, 856. Steinwand, S. J.; Corbett, J. D. Inorg. Chem.
1996, 35, 7056.

(4) Gerlitzki, N.; Hammerich, S.; Pantenburg, 1.; Meyer, G. Z. Anorg.
Allg. Chem. 2006, 632, 2024-2030.

(5) Jongen, L.; Mudring, A.-V.; Meyer, G. Angew. Chem., Int. Ed. 2006,
45, 1886-1889.

7954 Inorganic Chemistry, Vol. 47, No. 18, 2008

with eight-coordinate Os atoms in square antiprisms of Y
atoms sharing common faces; all Os—Os distances are equal.
Another recent example is {Ir3Scu}Br16,7 where IrScg square
antiprisms and cubes in a 2:1 ratio share common faces,
forming a chain in which the Ir—Ir distances are not equal,
and an Ir—Ir bond (d = 283 pm) must be stated for such Ir
atoms, which occupy two neighboring square antiprisms.
We have now, for the first time, observed with {RuPr;}Cl;
a reduced rare-earth metal halide with a seven-coordinate
endohedral atom. Black single crystals were obtained from
the reaction of PrCls, Pr, and Ru.®° The crystal structure
was determined from single-crystal X-ray diffraction data.'®
In {RuPr;}Cl;, the Ru atom as the central atom of an anti-
Werner complex,'’ is surrounded by seven Pr atoms at
distances of 274.5(1) (Ru—Pr2, 2x), 277.2(1) (Ru—Prl, 2x;
upper rectangular face, see Figure 1), 325.9(2) (Ru—Prl),
337.7(2) (Ru—Pr3, cap), and 351.5(2) (Ru—Pr2) pm. This
constitutes a rather heavily distorted monocapped trigonal
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Figure 1. RuPr; cluster with Pr atoms numbered (above, left), two RuPr;
clusters sharing one rectangular face (above, right), and part of the infinite
zigzag chain of face-sharing monocapped trigonal antiprisms RuPresPr
surrounded by Cl atoms (below) in the crystal structure of {RuPr3}Cls.

prism with an average Ru—Pr distance of 302.6 pm. In
contrast, in {RuPr;}I; with six-coordinate ruthenium (RuPrg
octahedra share common edges to a double chain), the Ru—Pr
distances lie in a very narrow range and average to 284.8
pm.12 The isostructural {RuPr;}Br; was identified by powder
X-ray diffraction only."?

The monocapped trigonal prisms share two common
rectangular faces in {RuPr3;}Cls, in accordance with the
Niggli formulation {RuPresPry, }Cls; see Figure 1. The shared
rectangular faces have edge lengths of 364.7(2) and 392.6(1)
pm. Pr—Pr distances in the nonshared edges range from 382
to 405 pm.

The RuPrg;Pr chains run down the crystallographic b axis,
whose length [400.42(6) pm] is identical with the Pr1—Pr2
edge length of the rectangular face that is capped by Pr3.
The chains are arranged in the fashion of a hexagonal closest
packing of rods, although compressed in the [100] direction;
see Figure 2.

The RuPrgsPr chains are surrounded by Cl atoms, which
also connect them, as Figure 2 shows. Pr—Cl distances range
between 288 and 326 pm. These distances correlate very well
with the mean distance in PrCls itself, 291.5 pm.14 Thus,
Pr—ClI bonding must be predominantly ionic.

Calculations of the electronic structure of (RuPr;)Cl; were
performed by making use of the extended Hiickel method."
The crystal orbital overlap population (COOP) analysis of
the results of these calculations is shown in Figure 3. Pr—Cl
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Figure 2. Arrangement of the RuPre/3Pr chains separated by and connected
through CI atoms in {RuPr3}Cls. Projection onto (010); the arrow indicates
the [100] direction.

Figure 3. COOPs for {RuPr3}Cls. Positive values represent bonding
interactions and negative values antibonding interactions. Green curves
represent Pr—Cl (14 x), blue Ru—Ru (2x), red Pr—Ru (7x), and black
Pr—Pr (10x) interactions.

bonding interactions are indeed low in energy (“ionic”),
although there are some minor antibonding contributions
when approaching the Fermi level. Ru—Ru bonding certainly
plays a role, but there is considerable Ru—Ru antibonding
closer to the Fermi level, which not quite but almost
outweighs the bonding interactions lower in energy. Pr—Ru
interactions are always bonding and certainly stronger (lower
in energy and in total) than Pr—Pr bonding. Pr—Ru and
Pr—Pr interactions are still bonding above the Fermi level,
which lies at a local minimum of the density of states. A
pseudo band gap, above which there are (almost) completely
antibonding interactions, occurs well above the Fermi level.
In summary, bonding in (RuPr3;)Cl; is dominated by ionic
Pr—ClI as well as by (covalent) Pr—Ru interactions. This
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pattern very well follows the electron affinities of Ru (—101
kJ/mol), Pr (=—50 kJmol), and CI (—349 kJ/mol).'®
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