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NaZrgCliood308: A Second Structure Type in the ZrsX14Z-Family of Reduced Zirconium Halides.
Perspectives for an Even Larger Cluster Chemistry
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Within the past decade a remarkable variety of novel structures
has been found for reduced zirconium hali¢tésAlmost alF of
these compounds which containgZoctahedra have the general
formula A, ZreXi1,X3,Z, with A = group 1 or 2 cation, Z
= interstitial atom, Xinner, edge-bridging halideX? = outer
halide, and (=< x, n < 6. Each of the so far established structure
types depends oxandn as well as on the size and charge of A
and X and the bonding capability of Z. Chlorides and bromides
have been found for ah = 0—6, whereas iodides have (so far)
only been realized fon = 0 and 2%

Recent investigations on the effect of the size of X on the
stability of certain structure types have been conducted in Zr/Cl/
I/B and Zr/Cl/I/Be systems using Cl and | simultaneolsiyhese
show that X positions which bridge between clusters are solely
occupied by one halide type, whereasXsitions which are only Figure 1. View of the Zg(Clioesa)10g/15% B cluster in NaZs
bonded to one cluster unit, may be mixed occupied. Clio.941)3.088 (Zr atoms with 70% probability thermal ellipsoids). The

Here are described the Synthesis and structure of the mixed-¢exo iodides and the 17.7% iodide ions that substitute for CI2 are drawn
halide cluster compound Na@lioesa)s0éB, Which adopts a  fandomly dotted.
structure type that has so far not been found incfinsters with
only iodide ligands or with only chloride ligands. A similar
structure is found in the niobium compound gt o« 1244 (X <
2; but interstitial- and cation-freé).

NaZrsClio.941)3.0B Was obtained as a black crystalline material
from the reaction of NaCl, ZrGl Zrl,, Zr (powder), and elemental
B at a starting composition of Nagll;,1,B in welded tantalum
ampules, heated at 80C for 40 days.

The room-temperature crystal structUeentains interstitially
centered ZZ octahedra (as is typical for this type of compounds)
with the corners and edges bridged by a total of 18 halides (Figure
1). The centers of the octahedra are located at the edges and
centers of the planes of the cubic unit cell. The symmetry is
reduced from thé- to theP-centered lattice due to the different
orientation of the octahedra at the corners compared to those on
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(7) Crystal and refinement data for NaZtipe4¢1)3.0B: black, blocklike
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P4 four-circle diffractometer, graphite monochromatbr= 0.710 73 . . . . .
A 20 2565 (+hrk i), 7= % To501 K 3499 measured and 974  the planes (Figure 2). Six (which are symmetrically equivalent)

independent reflectionsR; = 1.9%), wR2= 0.0687, R1= 0.0254, out of the twelve inner halide ligands are statistically occupied
refinement onF,2 49 parameters. The sum of the occupational factors by 82.3(3)% chloride and 17.7(3)% iodide, respectively, refined

of the mixed occupied position (CI2 and 12) was fixed at unity. The ; " ~ _ :
composition as refined from the X-ray data was further confirmed by a on two independent positions. Long-exposure X-ray film methods

potentiometric titration of an agueous solution of selected single crystals. 9iVe no indicatio_n er an orc_iering _Of the anions, i.e., superstructure
From the total halide content (56.8%), a composition of Na4Cl:1 1B reflections. No iodide admixture is found on the other inner halide

was calculated by assuming Na, Zr, and B being stochiometrically ngsition (CI1). Because of the small (total) amount of iodide on
present. The Guinier powder pattern calculated from the refined single-

crystal atomic coordinates matches nicely the experimental one which the X functions, the average distances of the(Z1):oB unit
was obtained from the bulk sample. (Zr—2zr = 3.263 A, Zr-Cli = 2.564 A, Z—B = 2.307 A) are
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edge-bridging Xhave been omitted for clarity.
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comparable to those found in the archetype N@ELB (Zr—2Zr 1=-a2functions only. Similar chloride functions (in combination
= 3.246 A, ZrCl = 2535 A, Z—B = 2.295 A)8 But the with CI—i bridges) have been found in theeXisZ structure,
influence of the iodide is reflected in the fact that the average which is so far only found to be adopted by the compounds Zr
Zr—Zr and Zr-B distances of the title compound are both slightly Cl;sB and KZiClisBe (orthorhombic}? as well as by Zr
larger than those in the only chloride archetype. The values found Cly; 41 B (tetragonal}.
in the comparable iodide, K@r4B, are 3.356 A (Z+Zr) and Since the 32 atoms are located on 3-fold axes, each has
2.373 A (zr-B).? The average Z|' distance of this compound  three equally long Zr13-2-2 distances of 3.194(1) A, which are
(2.869 A) is slightly longer (by 0.041 A) than that in NazZr (as expected) shorter than-ZF~ distances (average: 3.416 A)
Cliood3088. The dominance of chloride on the Kositions is but longer than the Zrli-2 bonds (average: 3.160 A) in
also reflected by the magnitude of the matrix effeciThe KZrel14B.° The iodide ion is not located exactly in the plane of
deviation of the Zr atoms from the plane of the surrounding four the three surrounding atoms but 0.456 A above with-ZrZr
Cli atoms is 0.24 A with the trans-€lZr—CI angle of 168.9, angles of 118.0(2)
values typically found in Zr chloridek. The discovery of this cluster compound shows that the
Contrary to the chloride-dominated edge-bridging halide posi- chemistry of the reduced zirconium halides still contains new
tions, the exo positions of the g8 octahedra are solely occupied variations despite the many already known compounds and
by iodide ligands. These are bridging between three different structures. In this context, the title phase is the first example of

octahedra, giving the cluster connectivitys@l,1)'1213 2 %,3B a new structure type in the family of reduced Zr halides, which
(Figure 2)° This connectivity clearly distinguishes the title appears to require two different halide types. Thereby it opens
phase from all other compounds of theg¥y,Z stochiometry, a new subgroup of Zr cluster compounds in which more novel
of which more than 30 have been found so &df. These structures can be expected.
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Within the family of reduced Zrhalides, NazgClig.943.088 is
the first compound which is three-dimensionally connected by
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