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The binary Ba—Li system was reinvestigated for compositions with less than 80 at. % Li. A new compound,
Baigliss, Stable up to 126 °C, was found and structurally characterized. According to single-crystal X-ray diffraction
data, the compound crystallizes in a new structure type with a tetragonal unit cell, space group /42d, a =
16.3911(5) A, ¢ = 32.712(1) A, Z= 4, and V = 8788.7(5) A3. It can be described as a complicated variant of the
chalcopyrite structure. Typical for Li-rich phases, BaglLiss contains icosahedron-based polytetrahedral clusters.

Introduction of BaLis.® Further investigations indicated that another
compound with lower Li content also exists.

The current study was carried out to establish the
composition, crystal structure, and thermal behavior of the
new binary compound Balis. Structural relationships
between Bea-Li intermetallic and metal-rich nitride phases
are also discussed.

Numerous metal-rich nitrides of alkaline-earth metals,
particularly of Ba in combination with Na, have been
discovered.No similar compounds with the heavier homo-
logues of Na could be prepared so far; however, Li was found
to be a good candidate for further development of subnitride
chemistry. Parallel to the full investigation of the ternary
Li—Ba—N system, the binary BalLi system was re-
examined for the existence of unknown compounds as well.

A number of binary compounds between alkali and ReagentsBa metal (Merck, 99%, distilled twice with intermedi-
alkaline-earth elements have been reported, but not all Wereate heating in a closed tantalum container at 1200 K in vacuum to
well established. One compound is known for Ca and Li rémove hydrogen) and Li metal (Merck, 99%) were used for
(CaLi?), two for Sr and Li (SeLi»® and SgLis%), and two ~ SYnthesis.. o
for Na and Ba (N§Ba5 and NaBé). In the work of Wand, Synthess.l?ue to the gxtreme sensitivity of the rea.g.ents and
the Ba-Li system was investigated and only one compound pr(_)ducts to air, all handllng was performed under purlflid argon
(BaLiy) was identified. The published Bd.i phase diagram lfg‘? Sf:_lecgli (t)eggmqfn? g; aacti?nlr? g Svel?g);uﬁ; 32'59‘3%6tg?1?;um
is based primarily on one investigati®im a previous study, - PP, > PP

. . containers. Two samples were prepared with the overall stoichi-
we confirmed the existence and the reported crystal structureymetries BaLi (Sample A: 500 mg Ba, 51.0 mg Li) and R

(Sample B: 500 mg Ba, 38.2 mg Li). These were heated to
T Dedicated to Prof. Dieter Fenske on the occasion of his 65th birthday. 250 °C and annealed at this temperature for 40 h, followed by
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Table 1. Details of the Crystal Structure Investigation foriBasa

empirical formula Baolia
formula weight 2914.82 atom  position X y z Ugiisa A2
temperature;C 20
wavelength, A 0.71073 b s o 0 3/39525(2) O0'00333307((21))
crystal system ,Eragonal Ba3  16e  0.11195(3) 0.09593(3) 0.20204(2) 0.0317(1)
. Bad  16e  0.41522(3) 0.10003(3) 0.05021(2) 0.0318(1)
gry:ég' sr'éﬁ' mrh ?Zég’x 0.16x0.15 Ba5  16e  0.00431(4) 0.30881(3) 0.25100(2) 0.0332 (1)
ap group 16.3911(5) Ba6 16e  0.35705(3) 0.34933(3) 0.07488(2) 0.0326(1)
\ 32.712(1) Li1 8d  0.0097(13) 1/4 18 0.037(5)
olime. 3 8788.7(5) Li2 8d  0.5393(18) 1/4 18 0.066(8)
density (calculated), g/cn o0 Li3 16e  0.1723(11) 0.1708(11) 0.0844(5)  0.048(4)
) ’ 5309 Li4 16e  0.2815(8) 0.5619(8) 0.0321(4)  0.026(3)
llé’(OOO) 784 Li5 16e  0.2340(9) 0.5191(9) 0.1307(5)  0.036(4)
50 tarmo taeal Li6 16e  0.1346(9) 0.1622(8) 0.3152(5)  0.040(3)
A ok b 2 Li7 16e  0.5727(8) 0.0626(8) 0.1434(4)  0.031(3)
9 ks od Lis 16e  0.2435(9) 0.2705(9) 0.2586(4)  0.043(3)
482 1= a0 Li9 16e  0.1158(9) 0.6376(9) 0.0683(5)  0.047(4)
_ =1= Li10  16e  0.1511(9) 0.6765(8) 0.1609(5)  0.046(4)
[ﬁg:ggﬁgﬁﬁﬂggﬁg e > oot i1l  16e  0.2874(9) 00752(9) 0.2830(5)  0.037(3)
Lil2  16e  0.2850(10) 0.6873(10) 0.0945(6)  0.056(4)

refinement method
data/restraints/parameters
GOF onF2

final Rindices | > 20(1)]
Rindices (all data)

full-matrix least-squaresrén
7569/0/89
0.952
R1=0.049, wR2=0.0439
R* 0.096, wR2=0.0484
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Table 2. Atomic Coordinates and Equivalent/Isotropic Thermal
Displacement Parameters for i 44

intensity calculations taking the atomic positions from the refined
single-crystal structure of Belisze. The powder of elemental Si

1.429 and-1.417 (6N, as; = 5.43102 A) was used as an external standard.
Temperature-dependent investigations were performed on a

Guinier—Simon camer¥ with Cu K, radiation.

largest diff. peak and hole; 643

Thermal Analysis. All thermal analyses were performed with
sample amounts of 2040 mg in an argon atmosphere. Temperature . .
was recorded with a sensitive micro-voltmeter Hewlett-Packard R€Sults and Discussion
3457A. Laser-welded tantalum ampoules (diameter 2 mm, length  As the result of our thermal and X-ray diffraction study
~15 mm) and PtPtRh thermocouple thermocoax were used ina of the Ba-Li system, some details were added to the
homemade device throughout this investigation. The temperature ot blished phase equilibrium system (Figure 1). In the

the extrapolated one temperatures of the 1as: phase dansitorP'eSENt WOrk, samples were heated first to 260nd then
cooled very slowly (1°C-h™?) to 120 °C. Thanks to this

(125°C) and melting (170C) peaks of NNO3. The sample was . LT\ )
procedure, identification of the second compound¢Bia4

heated up to 300C with a rate of 3°C -min~! and cooled at 1
°C.min-L. in the Ba—Li system was made possible. Owing to kinetic

X-ray Diffraction and Structure Refinement. Several ir- reasons in both samples, ia 44 was detected with different
regularly shaped single crystals were selected from sample A andamounts of Balj and Ba. By heating the sample with the
sealed under argon atmosphere in glass capillaries for X-ray composition Bald, two peaks were observed in the DTA
investigation. Single-crystal diffraction data were collected at room study: at 126(2)°C Bagdlis undergoes a peritectoidal
temperature using a STOE IPDS Il diffractometer with monochro- decomposition to Ba and Baj{according to temperature-
matized Mo K, radiation by oscillation of the crystal around the dependent Guinier measureménand at 156(2fC Bali,
axis. The starting atomic parameters derived via direct methods yg|t5 incongruently (in agreement with the previously
using the program SIR 97 were subsequently refined with the reported phase diagrdn

SHELX-97 (full-matrix least-squares of?) with aniso- P o P lagra

program Bayolisg crystallizes in a new structure type of tetragonal

tropic atomic displacement parameters for Ba atoms within the
WinGX program packagd@in the space groufi2d. The positions symmetry. Its crystal structure can be regarded as an fcc

of the Li atoms were found in difference Fourier maps according Packing of Ba and (BaBaBay)s fragments with icosahe-
to reasonable interatomic distances between found and new,dron-based polytetrahedral jbiclusters and Li triangles
proposed atoms. Details of the crystal structure investigation are filling the tetrahedral voids of the packing. The structure can
summarized in Tables 1 and 2. be described as a complicated variant of the chalcopyrite
X-ray powder diffraction patterns were obtained on a powder structure typé® The packing of the different Ba and Li
diffractometer STOE STADI P with Mo K radiation, using  polyhedra in Baliasis presented in Figure 2. Bactahedra
capillaries sealed under dried argon to avoid hydrolysis. The unit (A, Figure 3a) and units of four centered Ba tetrahedra
cell parameters were refined with the help of the WinCSD program ¢gonnected through a common vertex (B, Figure 3b) (positions
package from powder data a8 = 16.343(2) Ac = 32.702(7) A. of Cu and Fe in the structure of CuRgSespectively)
The correct indexing of the X-ray pattems was ensured through ¢ hrse the basis of the structure. One-half of the tetrahedral
voids in the AB packing are filled with L clusters (C,
Figure 4). These clusters, interconnected by Li triangles (D),
which fill the remaining tetrahedral voids, represent the Li
network of this structure. The packing (AB)(CDgorre-

(10) Altomare, A.; Burla, M.; Camalli, M.; Carroccini, B.; Cascarano, G.;
Giacovazzo, C.; Guagliardi, A.; Moliterni, A.; Polidori, G.; Rizzi, R.
J. Appl. Crystallogr.1999 32, 115.

(11) Sheldrick, G. MSHELXL-97: Program for the Refinement of Crystal
Structures University of Gdtingen: Giatingen, Germany, 1997.

(12) Farrugia, LJ. Appl. Crystallogr.1999 32, 837.

(13) Akselrud, L.; Zavalii, P.; Grin, Yu.; Pecharsky, V.; Baumgartner, B.;
Wolfel, E. Mater. Sci. Forum1993 133-136, 335-340.

(14) Simon, A.J. Appl. Crystallogr.1971, 4, 138-145.
(15) Kratz, T.; Fuess, HZ. Krist. 1989 186, 167—169.
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Double-Icosahedral Li Clusters in a New Binary Compound
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Figure 1. Equilibrium phase diagram of the Ba.i systen? complemented with the new compound;Raga.

Figure 2. Location of Bg (A), Bai7 (B), and Lig (C) fragments in the
crystal structure of Balia4, tetrahedra outlined.

sponds also to the packing of atoms in @&Hn general,
the structure can be regarded as BiCsDg =
(Bae) 4 (BagBag/2)4®(Li19)s(Li3)s® = Baygliaa.

The structure of BalLiss has many similarities with that
of the known Ba-Li subnitride LigiBagoNg.1” Their unit cell
parameters are similar; however, in contrast to the subnitride, rigure 3. structural fragments of Ba in Ba.iss Bas octahedron (A)
a volume increase\V = +1.9%, compared to the elements) centered at 0, 0, 0; Bacluster (B) (according to (BaBBays)s) at 1/2,
is observed for BaLis, much like in the other binary Ba 172, 0.
Li compound Bali.® Ba atoms in both pha_lses form similar - A fyrther similarity of BacLis and other Li-Ba phases
polyhedra: empty Ba octahedra (Balis, Osaea = shows up in polytetrahedral | tlusters. These are 4iin
4.3968(1)—4.4428(1) A) and N-centered octahedra LigoBasoNo, Lisg in Li;sNapeBays, e and infinite rows of face-
(LizoBagoNo,"” Opapa = 3.9321-3.9353 A), as well as sharing centered Lj icosahedra in BaLi®
complexes of four centered Ba tetrahedra connected through £ach of the Li clusters in Balis is formed by two

common  vertices  LpBa;  (Bawliss, Oeaba = centered, interpenetrating icosahedra and contains 35 close-

4.2096(1)-4.2730(1) A) and LiBaNe (LisBasNe,'®  packed tetrahedra. Thebiluster was predicted to be stable
4.1156-4.1315 A). Ba atoms from these clusters form an in the gas phad&and is one of the six most stable Li anti-

infinite 3D network (Figure 5) connected via common edges.

(18) Smetana, V.; Babizhetskyy, V.; Vajenine, G.; SimonAAgew. Chem.

(16) Batchelder, D.; Simmons, R. Chem. Physl964 41, 2324-2329. 2006 118 6197-6200;Angew. Chem., Int. E@006 45, 6051-6053.
(17) Smetana, V.; Babizhetskyy, V.; Vajenine, G.; Simon|rrg. Chem. (19) Sung, M.; Kawai, R.; Weare, Phys. Re. Lett. 1994 73, 3552—
2006 45, 10786-10789. 3555.
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Figure 4. Liqg polytetrahedral cluster (C) centered at 1/4, 3/4, 1/8.

Mackay clusterg®?! Ba;¢?? and Ang?® have been found for

Smetana et al.

Figure 5. Infinite 3D network of Ba; clusters (according to BBag/).

the gaseous elements. In the solid state, the 19-atom double

icosahedron is know#25 but is formed of different atom

distances (3.78(2)4.30(2) A) are in the range for other

types. This cluster is also often a structural subunit in many known Ba-Li intermetallic compounds.

decagonal phasé%?’

All Li atoms in the structure have coordination number
12. Endohedral L=+Li distances for clusters are in the range
2.87(3)-3.44(2) A, distances in Li triangles are 3.25(3) and
3.71(3) A. The Ba atoms form FraniKasper polyhedra on
the basis of tetrahedra (in part highly distorted) with
coordination numbers 14, 15, and 16. The-Bainteratomic

(20) Kuo, K. Struct. Chem2002 13, 221-230.

(21) Doye, J.; Wales, Dl. Chem. Soc., Faraday Trank997, 93, 4233~
4243.

(22) Rayane, D.; Melinon, P.; Cabaud, B.; Hoareau, A.; Tribollet, B.;
Broyer, M. Phys. Re. A 1989 39, 6056-6059.

(23) Harris, |.; Kidwell, R.; Northby, JPhys. Re. Lett. 1984 53, 2390
2393.

(24) Newkirk, J.; Black, P.; Damjanovic, AActa Crystallogr.1961 14,
532-533.

(25) Taylor, M.Acta Crystallogr.1959 12, 393-396.

(26) Cockayne, E.; Widom, MPhil. Mag. A1998 77, 593-619.

(27) Lord, E.; Ranganathan, Bcta Crystallogr.A 2001, 57, 531-539.
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Conclusion

The new intermetallic compound Bhi4,, Synthesized
from the elements, has an exceptionally complex structure
and very large unit cell for binary compounds. Its crystal
structure, investigated by single-crystal and powder X-ray
diffraction analysis, can be described as a complicated variant
of the chalcopyrite structure type and contains icosahedron-
based polytetrahedral clusters typical for Li-rich phases.
Thermal behavior of this compound was also characterized.
According to DTA and Guinier measurements a4 un-
dergoes peritectoid decomposition at 226to BalL i, and Ba.

Supporting Information Available: Crystallographic data in
cif format. This material is available free of charge via the Internet
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