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Notes

KgTlioZn: A Zintl Phase Containing the (99.999%, Cerac)~250-600 mg total) were loaded into a tantalum
Zinc-Centered Thallium Polyanion Tlloan_ tube that had already been welded on one end. The opposite end was
tightly crimped and then arc-welded in an argon atmosphere. As
Zhen-Chao Dong, Robert W. Henning, and before!® the container was then sealed into an evacuated fused silica
John D. Corbett* jacket in order to prevent oxidation of the Ta at high temperatures.

The components in appropriate proportions were first heated to 600
°C, held at that temperature for 24 h, and then slowly cooled, conditions
that worked well for the congruently meltingsi:0Zn. This procedure

Receied March 14, 1997 clearly yielded the new K'1,0Zn, but the Guinier powder pattern also
_ showed the presence of KZrand KgTl11. A study of the binary phase
Introduction diagram$&* suggested that the very incongruent separation of some

Explorations of the alkali-metattriel (A—Tr) systems have KZni3 near 592°C drove the system off stoichiomgtry. and thus led to
led to the discovery of many new materials with novel structural e forhmgt'_on O‘; ’%P“ ago‘gf"' Thelre(‘;orf'zgé :c'q”'zd Sysliem V‘zjas
features and to many clear delineations of differences jn d4€NcheC N waterirom 6L, annealed a or 2 Weexs, an

hemist the el ts Ga. | P | of th guenched in water. The Guinier pattern showed that the product was
chemistry among the elements 4, In, an everal ot the single-phase KI'lioZn (=95%). Analogous reactions with Cd or Na
network phases found contain classic deltahedral cluster unlts,ga\,e other products.
interbridged octahedral ¢hand icosahedral .Ci@ for example,_ The same compound was first synthesized by utilizing Baker's
that are analogous to the clusters found in borane chemistry,“Analyzed” zinc. However, this product showed an unusually large
but other types have been uncovered that are substantialparamagnetic susceptibility plus an antiferromagnetic-like transition near
alterations of regular deltahedragJfr (~Dgz,)® and T~ (Cyp,)® —90 K. These effects were provisionally attributed to traces of some
for instance. Wade’s ruléshave been very successful in Fe—Zn product arising from 0.05 wt % .Fe listed for the zinc reactant.
correlating electron counts with structure not only for the A switch to the purer zinc source eliminated the problem. _
boranes but also for certain clusters of gallium, indium, and Structure Determination. Selected crystallites were sealed into
thallium, but several new nonclassical examples do not conform, thin-walled glass capiliaries and checked for singularity by Laue
The phé\ses K15 and ATl (A = K—Csp for example techniques. A suitable crystal0.13 x 0.13x 0.11 mm was used for

11 11 = K=

- . . . . . data collection on a Rigaku AFC6R diffractometer with graphite-
contain pentacapped trigonal prismatigTT units that require monochromated Mo K radiation. A random search located 25

only 40 electrons for stability while the classical closo poly- reflections that indexed to a tetragonal unit cell. Two octants of data
hedron would need 48 electrons. Reduction in the overall (hk+l) were collected at 23C up to @ = 55°. A total of 3700
charges on the clusters is believed to be a significant driving reflections were measured and subsequently corrected for Lorentz and
force behind the observed distortions. Another way to reduce polarization effects and for a sizable absorptiar< 569 cnt?) with

the total electron count of a cluster is to bond an interstitial the aid of the average of fogr-scan curves. An unambiquous space
atom within. Such have been observed for indium ihnio- group assignmerR4/nnc(No. 126) was made on the basis of the Laue
Zn® and KyolnoNi, 10 which contain isolated 10-atom clusters symmetry determined‘ by the d_iﬁr_actometer programs, the systematic
centered by zinc or nickel, as well as in several icosahedral 2°S€nces, and the Wilson statistics.

Tl M exampled12 As might be expected from comparisons _The beg_mnmg of the structura_l solution was via dlre_ct metHéds,

f the chemistri f A dA Cd and Ha. the clust which provided two large peaks with separations appropriate for bonded
0 e. chemis rles.o g an u-or an g, the CIUSer yajium atoms. Least-squares refinement and difference Fourier
chemistry of the triel elements In and Tl show a great many anaiysis revealed two more positions that were appropriate for zinc
dlfferences. TO date 14 Cluster Compounds haVe been foundand potassium. DIFABS was apphed as recomme%ﬁdaﬂer full
that are unique to thallium and only two that are common to isotropic refinement to improve the relatively large absorption correc-

both, tetrahedral T#~ and the above Ti’~.2 We here report  tion. The anisotropic refinement utilized 300 independent reflections

Ames Laboratory-DOE! and Department of Chemistry,
lowa State University, Ames, lowa 50011

the first commonality for a centered cluster igTipZn. It (I = 301) and 25 variables (including a secondary extinction coefficient)
contains a comparable distorted bicapped antiprismatig TI and converged &R(F) = 3.7% andR, = 3.6% with a GOF= 1.07.
centered by zinc and also exhibits closed-shell bonding. All calculations were handled on a VAX station using the TEXSAN

) ) crystallographic package. A selection of data collection parameters is
Experimental Section tabulated in Table 1, atomic positions and isotropic-equivalent displace-

Syntheses. All material handling was carried out in the nitrogen or ment parameters are listed in Table 2, and relevant bond distance data
argon environment of a glovebox. Stoichiometric amounts of the are given in Table 3. A more detailed summary and the anisotropic
elements K (99.9%, Baker), Tl (99.998%, Johnson-Matthey), and Zn displacement parameters are included in the Supporting Information.
These as well as the structure factor data are also available from J.D.C.

. - ) g Magnetic Measurements. Magnetic susceptibility data were ob-
Sciences, Materials Sciences Division, U.S. Department of Energy. . . d with the aid of .
The Ames Laboratory is operated by lowa State University under tained with the aid of a Quantum Design MPMS SQUID magnetometer
Contract No. W-7405-Eng.82. over the temperature range-800 K at a field of 3 T. A 51.3-mg
(2) Corbett, J. D. InChemistry, Structure and Bonding of Zintl Phases powdered sample was loaded inside a helium-filled glovebox into a
and lons Kauzlarich, S, Ed.; VCH Publishers: New York, 1996;  containet®that held the sample between two fused silica rods and within
Chapter 3. a third tube, and the assembly was then sealed. The raw data were

24313 Ei%ové Sé?égi?]rbgtkc‘gé %;yépaﬁlrgjérqlggézcggglﬁ%i 619 128. corrected for the susceptibility of the sample holder, the diamagnetic
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Table 1. Summary of Data Collection and Refinement Parameters
for KgTlioZn

fw 2421.87

lattice params, A a=10.319(2)
c=13.859(3)

v, A3 1475.7(5)

space groupZ P4/nnc(No. 126), 2

eaic, glCrT? 5.450

u, cmt (Mo Kay) 568.7

transm coeff range 0.6291.000

temp,°C 23

residuals:R; R,° 0.037; 0.036

aFrom 37 lines in Guinier powder pattern with Si as an internal
standard/ = 1.540 562 AT = 23°C.*R = JIIFo| — |FdlI/3 |Fol; Ry
= [IW(IFol — [Fe)7XW(Fo)1™2 w = 1/og?.

Figure 1. Isolated TloZn®~ cluster with thermal ellipsoids drawn at
Table 2. Positional Coordinates and Isotropic Thermal Parameters 90% probability.

for KgTl10Zn
atom  Wyckoff X y z Bq (A2
TI1 16k 0.8448(1) 0.9892(1) 0.3392(1) 2.19(6)
TI2 4e Y, Y, 0.5398(2) 2.70(7)
Zn 2b 1/4 1/4 3/4 14(2)
K 16k 0.8223(8) 0.0460(8) 0.6058(6) 3.1(4)

*Beq = (87°/3)%i3 Via*a* &g,
Table 3. Atom Separations in Kl:¢Zn (<5 A)

TI1-TI1 3.153(3) Zr-TI1 (8x) 2.928(1)

TI1-TI1 3.248(3) Zr-TI2 (2x) 2.913(3)

TI1-TI12 (2x) 3.755(2) K—TI1b 3.537(9)

TIL-TI2 3.140(2) K-TI1 3.697(9)

TI1—Zn 2.928(1) K-TI1P 3.725(9)

TI1—Kb 3.537(9) K-TI1 3.749(8)

TI1—-K® 3.697(9) K-TI1 3.939(8) Figure 2. The ThoZn®~ cluster with the 24 potassium neighbors,
TI1—KP 3.725(9) K-TI2 3.736(8) U2, ).

TI1—K¢d 3.749(8) K—K 4.27(2)

H%:'ﬁl (4%) g"‘izg% ?:ﬁ gig jiégg 3.749(8) A, and bonds exo to the eight TI1 atoms at 3.697(9)
TI2—7n 2'.913(3) KK 4_'47(2) A but not at the pair of TI2 vertices. The face capping modes
TI2—K (4x) 3.736(8) are somewhat distorted in that the two rings of capping atoms

about the waist, Figure 2, have moved away from one another.
The 24 multifunctioned potassium atoms about each cluster thus
serve to isolate these from each other. The closest contact

core electrons, and the Larmor precession contribution of the delocalized?€tween the polyanions is 5.494(3) A (FTI).

electrons in the cluster valence orbitafs. The latter two terms Extended Huakel calculations on the isolated cluster indicate

amounted to-4.54 x 1074 and—3.43 x 10~% emu/mol, respectively. that, as in the isostructuralgkhi1oZn,® 20 skeletal electrons are
Calculations. Extended Hukel tight-binding computations were  needed for stability, as follows. TheZgair on each thallium

carried out with the aid of Gordon Miller's local modification of the  form a collection of low-lying MOs and can be viewed as lone

EHMACC suite of programs written at Cornell University by various pairs at each vertex. The bicapped antiprism requires Gfm]y 2

member of the R. Hoffmann group. These employd(ev) and§ electrons once the square faces of the antiprism have been

‘z’a(')‘i?iasjg"g;"sl: 7-5' 63711.60, 2.14; 6p:-5.80, 2.04; Zn 4s-12.41, expanded (3.76 A on edge). The valence s and p orbitals on

04 4P, 7059, 170 4¢< Zn interact with respective filled1&(s), a (px py), and b
(p2) cluster MO’s and stabilize these. The pair of filled a
orbitals interact strongly, and the*aresult is driven high and

The primary structural feature of gray reflectivgToZn is emptied, leaving ar2skeletal electron requirement for the=
the classic bicapped square antiprism of thallium (as in 10 polyhedron. The 20 bonding skeletal electrons originate with
B1oH10?") that is now centered by zinc, Figure 1. (The entire 10 Tl (1 each), Zn (2), and the cations (8) and achieve a closed-
cell is illustrated in the Table of Contents.) The ideal cluster is shell Zintl phase. The overall process is apparently favored
compressed along the axial direction, and the capped square$®ecause, in addition to the gain of centrat-Fin bonding (there
expanded to produce nearly equidistant-Zihseparations, Zn are no THZn binary compounds for comparisd) a cluster
TI1, 2.928(1) A and ZATI2 (axial), 2.913(3) A. A slight twist is created with four fewer charges than would be needed in a
(1.74) between the two square faces of the antiprism leads from classicalclosoTlig'?~, all at the expense of only one cluster
the idealD4g to D4 symmetry and to two different THTI1 bonding MO. Of course, the Coulomb energy associated with
contacts, 3.153(3) and 3.248(3) A. The distortion is probably the assembly of the cluster anion and solvating cations is
caused by packing effects from the 42 symmetry of the cations. certainly a major factor in the absolute stability of the
As has been characteristic of catiecluster interactions,the compound’
K atoms sheath the cluster in three different modes, Figure 2, The new KTlipZn is appropriately diamagnetic, Figure 3, a
and each K contacts three clusters. The single type of potassiunfeature that also pertains to the particularly stabinisZn,®
thus caps each of the eight TI1 triangular faces around the clusterk ;0ln;1oNi, 1% KglnigHg,® and CgGay1Cl.2° The last two are not
at 3.537(933.939(8) A, bridges all TI+TI2 edges, 3.736(8) centered but closed-shell derivatives of the odd-electgdmAe)

aWithin square base.Bridges on same squareExo-bonding.
d Bridging to TI2.¢Between square units.

Discussion
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Figure 3. Magnetic susceptibility of KTl,oZn at 3 T.

family. The corresponding galliufrzinc compound has not
been observed; rather,&a?! is the predominant product in
reactions loaded asg&aioZn while NasGag?? forms in the
sodium system.
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An interesting similarity is found among the 11-atom clusters
Tl16Zn®", InyeZn®~, and the previously reported {18 Ing,’~,°
and IngNi%-.10 Even though the overall cluster geometries are
different, each of the three types of clusters requires 40 (skeletal
and lone pair) electrons for stability. The isoelectronic nickel
derivative can be regarded as an alterna@ygecluster favored
by the need to bind a greater number of catithg he nickel
interstitial has two fewer electrons than zinc, and this is
compensated by a correspondingly @reater charge on the
cluster. The Ty;’~ species are not centered, but they still have
the same total of atoms in the cluster unit and represent the
homoatomic version that is most hypoelectronia (2 4)
relative to Wade’s rules 2+ 2). Melting properties (see
Experimental Section) indicate the presenfTKoZn is ther-
modynamically distinctly less stable thagli;oZn with respect
to neighboring phases, which are comparable in both cases.
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in CIF format, are available. Access information is given on any current
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