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Rare Beryllium Icosahedra in the Intermediate Valence Compound CeBe 13
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It is well-known thata- and -polymorphs of boron and other
boron-containing compounds, such asHB»*~ and B,C,H1,, adopt
12-membered icosahedral polyhedr&.Due to the electron defi-
ciency of boron, polyhedral boranes are formed by multicenter
3-center 2-electron bonding, and Wade’s rules are often used to
explain the bonding in theselosoclusters Be compounds are
similarly electron deficient, but polyhedral Be clusters are extremely
rare. In Beg odB3, for example, hexagonal rings occur where each
Be atom forms bonds with the two nearest Be neighbdisear ) ) )

Figure 1. Crystal structure of CeBgconsists of Bg icosahedra (shown

BeX, compounds are commonly formed by the separation of the by purple shading) in a CsCl arrangement with Ce snub cubes. An isolated

2s electron pair into equivalent sp hybrid orbitals. The highest ge1 atom is located at the center of the Beosahedron, which is composed
common coordination number of Be found in molecular species is of Be2 atoms. Red and purple circles represent Ce and Be atoms,

four, with nearly tetrahedral geometries formed via bridging ligands respectively.

in BeChL® and [Be(OR)],° or in discrete complexes such as

[BeF4)2~ and [Be(HO)4%".1° We report here the first example of Be13 (Be13)Bcea(Be13)

a fully characterized beryllium icosahedron in CeBeat displays 0— Hu——-—

intermediate valence behavior. The single-crystal X-ray structure,

magnetic susceptibility, and ab initio calculations are reported for

this unprecedented Be geometry. 4 == sy B2y
Single crystals of CeBegwere prepared by placing Ce, Be, and - ‘ '

4 lay -

Al in the atomic ratio of 1:14:32 into an outgassed BeO crucible T it
and by heating the mixture to 120C under flowing helium. The - ‘m;ggm;:: ﬂ _
samples were then cooled for 300 h to the melting point of Al and ’ —_— ;‘flg ’g{g;jfbj
removed from the furnace. Excess Al was dissolved in NaOH -5 Y EEw }m.u 610% Ce.
solution, revealing CeBgsingle crystals with natural [100] faces. > 4 agsd o __ T 13:“41;;?9”';’; N
The structure, shown in Figure 1, was determined by single- (] 239 — ——— 124, 10% (7% [ )
crystal X-ray diffraction. Relevant parameters for data collection, = —me T R i
refinement, and structure solution are provided as Supporting 2 i ! '
Information. CeBe; adopts the NaZp structure typ& and 2 Tty L _
crystallizes in the cubic space groEm3c, Z = 8, with the lattice W o 1 == ;=; === 9 D
parametea = 10.376(2) A. Twelve Be2 atoms form an icosahedron TROTS) Sy e O TR
-10— — Sag 10% (6% f)

with an isolated Bel atom located in the center of the polyhedron. TT T g 1% (4% 1)

The average BeiBgZ and Be%BgZ distances are 2.176(2) .and Figure 2. MO diagrams for Bgz and (Bes)sCes(Bers). The HOMOs are
2.270(3) A, respectively. Each Beicosahedron of, symmetry is marked by arrows. The MOs in (BgsCes(Beis) are separated into two
surrounded by eight Ce atoms, with the closest-Be2 contact columns; the first has mainly outer Beluster character, while the second
distance of 3.0518(13) A and E€e distance of 5.188(1) A. In  column has significant central Becharacter. Red levels have 5% or higher
turn, each Ce atom is surrounded by 24 Be atoms (8 triangular Be Ce contributions; blue indicates mainly central:B&10s. The yellow

N . . - highlighted area indicates the proposed location of the HOGMOMO
faces from 8 Bg units) in a snub cube environment widy, site when the extra Be atoms present in the cluster model are taken into account.

symmetry. The Ce snub cube and theeosahedra adopt a CsCl  The percentages are Ce contributions with f orbital compositions.
arrangement. Between the icosahedrelardetracapped tetrahedra,

also known as stella quadrangula. The B&2 bond lengths of  apstracted from the crystal structure, was used to approximate the
2.267(5)-2.361(5) A are longer than the 2.106 A length found in  solid-state Ce:Be stoichiometry. Calculations were also done on
Bey oB3,’ but this is consistent with the lower valence electron count the following model systems: CeBe CeBers Be.Ce, and

and delocalized bonding in this icosahedron. [CesBerg2®" (Supporting Information). The molecular orbital

The electronic structure and bonding in CQ;BEIB.S studied via diagrams for B% and (BQ?:)SC%(Bel?:) and the selected orbital plots
Gaussian 98 using ab initio-restricted Hartré®ck single-point for (Bers)sCey(Bers) are shown in Figures 2 and 3.

calculations. A high symmetry (BgsCes(Beis) cluster model, CeBajsis electron deficient with a valence electron count of only
: 30, although our (Bg)sCes(Bers) model system has one extra;Be
Louisiana State University. R ; ;
t Los Alamos National Laboratory. clu_ster presen_t in order to model a high symmetry portion o_f the
* University of California. solid-state lattice. Because of the few valence electrons available,
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Figure 3. 13a, (left) and 4q (right) MOs for (Baz)sCes(Beis). Purple
spheres are Be atoms; red Ce atoms are hidden by orbital lobes.

0.0010 L 1 1 L L L
] 50 100 150 200 250 300 350

multicenter bonding is expected and indeed observed. The central T
Bel orbital contributions are highly delocalized into the and Figure 4. Magnetic susceptibility of CeBie The largey and broad

. . . maximum atTmax &~ 130 K is typical of intermediate valence systems.
ag-filled levels and represent a minor component in the MOs and
will not be discussed further as most of the MO contributions come
from the 12 outer Be atoms.

Due to the extra Bg cluster present in the calculation, we believe
that the three highest occupied-1P44q, levels should really be
empty. The HOMO/Fermi surface would then occur in the vicinity
of the 4¢ MO, which is 16% Ce and has 24% f character
(highlighted region in Figure 2 and MO plot in Figure 3). There is
a moderate density of filled and empty MOs in proximity at this
energy. The 12143 MOs, which are proposed to be part of the
conduction band, are only 0-D.4 eV higher in energy. The 13
and 14a MOs also have 1830% f orbital Ce character (Figure
3). The closeness of these filled and empty orbitals corresponds to
a predicted Fermi surface with an overlapping fiteempty band
structure for the CeBegextended solid-state system, consistent with
the observed metallic conduction for this material. Many of these
MOs provide excellent conductivity pathways through the cluster.
The low electron count of the core Baunit is very important and
provides a number of empty MOs that possess Be delocalized
bonding character. These can strongly interact with the filled Ce
orbitals to generate a 3-D bonding network or band structure.

The 4¢ MO, for example, arises from the strong interaction of
empty Be sp hybrid orbitals located on a 3-fold vertex of the Acknowledgment. The authors acknowledge ACS-PRF, NSF
icosahedron face with Ce dpf hybrid orbitals. There are four-center CAREER grants (J.Y.C), GIAR from National Academy of
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and a number of other lower MOs. This agrees with ELF (electron for partial support of this work, and NSF (G.G.S). Work at Los
localization function) calculations, where electron maxima were Alamos was done under the auspices of the DOE.
found at the same locations in ternary trielides with a similar NaZn -~ Supporting Information Available: ~Calculational details and
structure typé? additional discussion on all of the models used, along with plots of

Although the Ce orbitals are extensively hybridized, almost all most of the valence MOs, and crystallographic data. This material is
of the f character is concentrated in a relatively narrow energy band available free of charge via the Internet at http://pubs.acs.org.
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