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Synthesis and Structure of CsNaLgBri1sN2 and LasBrgN: Rare-Earth-Metal Nitride Halides
with Isolated Bitetrahedral LagN2 Units

Michael Lulei*

Max-Planck-Institut fu Festkaperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany
Receied September 4, 1997

The title compounds were obtained in high yields as pale yellow, transparent crystals after reacting appropriate
mixtures of CsBr, NaBr, LaBr and LaN in sealed Ta tubing at 88C for 20 d. The structures have been
established by single-crystal X-ray diffraction techniques and powder diffraction. CsBiakM, forms a new
structure type in the monoclinic space grdefy/n with the lattice parameters = 10.452(1) A,b = 13.193(2)

A, c=10.876(2) A =95.07(1}, andZ = 2. LaBreN is isotypic to CeBrsN and crystallizes in the orthorhombic

space grou@Pbcawith a=11.212(1) Ab=11.828(1) Ac = 17.176(1) A, an& = 4. The significant structural
features of both compounds are pairs of rare-earth-metal tetrahedra that are each centered by N and share a
common edge to form LgAl, bitetrahedral units. These are surrounded and interbridged by Br atoms to form a
three-dimensional network. In the case of CsN#raN, the Cs and Na atoms are located in bromine-lined
cuboctahedral and octahedral cavities, respectively. Although “normal-valent” salts, the structures of the new
nitride halides are geometrically closely related to the metal-rich cluster compounds suct.asl GEo, with
bioctahedral La units that are centered by the transition-metal atoms. Calculations of the Madelung part of
lattice energy, MAPLE, illustrate the close relationship of the two structures.

Introduction MeN2 units. Finally, there are isolated tetrahedra of divalent
- - i =
Oxygen- and nitrogen-centerediEitetrahedra (M= Y, La— [Sar:]e) gﬁf}h metals centered by O in/®Cls (M Yb, Eu,

Lu; Z = N, O) that are surrounded by halogen atoms are the
main structural building units in the chemistry of rare-earth-
metal nitride halides and oxide halides. The distinct structure
types and, hence, the large variety of compounds originate from
different grades of condensation of the tetrahedra over common
M—M edges as well as different connectivity patterns through
the halide atom&2 In representatives MOX (% ClI, Br, 1),2
which all adapt the well-known PbFCI structure tyjthe MyO
tetrahedra are linked over commor-W edges into layers that

To learn more about the structural connectivity and features
in such rare-earth-metal nitride halides, the introduction of alkali-
metal halides into the structural framework has been tried. This
increases the halide/rare-earth-metal ratio leaving the nitride/
rare-earth-metal ratio unchanged and so forces the formation
of a different structural arrangement and connectivity. In
addition, the halide framework has to create room to accom-
modate the alkali-metal cations. The present paper reports on

are separated from each other by the X atoms. Infinite double the synthesis of two new compounds containing bitetrahedral

chains of condensed tetrahedra are preseftVhClsNy (M = units and discusses their structural relationships on the basis of
Y, Gd)° . The majority of compounds such esGd.CI3N® or lattice energy calculations.

more recently NzPr,BrogNO’ and AMol1eN4 (A = Na—Cs; M
= La, Prf contain infinite chains of trans-edge-sharingav
units. A novel spherical arrangement of six{/#)N tetrahedra Syntheses. Colorless, anhydrous LaBrwas prepared via the
that all share the Nb atom in the center is the significant feature ammonium halide routé from La0Os; (Aldrich, 99.9%) and NEBr

of the unique compound CsfRbBrisNe.2 Only three repre- (Merck, 99.5%). The raw product was then sublimed under high
sentatives, triclinic GeCIsN1 as well as orthorhombic Ge dynamic vacuum in a 200 mm long and 25 mm wide tantalum crucible

11 12 ; : which was placed in a fused silica container. The sublimed L a5
CleN™ and CeBreN, ™ are known to have isolated bitetrahedral characterized by Guinier powder diffraction. LaN was obtained by

. i A ) - heating La metal (Chempur, 99.9%) in a Mo crucible under a dried N
1) E'm%nénggohgﬁttgﬂsﬁﬂé H,JDm',\g:gzr aGr;dJ"CEZ%}gtff; ' g}/ "R};rrimégrt?.s (Messer Griesheim, 99.999%; possible traces of water were removed
Gschneider, K. A., Jr., Eyring, L., Eds.; Elsevier Science Publishers bY @ cold trap cooled by a mixture of dry ice and acetone) flow at 900
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(2) Schleid, ThEur. J. Solid State Inorg. Chera99§ 33, 227. (Aldrich, 99.9%) were dried at 250C under high vacuum and then
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gloveboxes under a dry argon atmosphere@H< 0.2 ppm, [Q] <

Lulei

Table 1. Crystallographic Data for CsNabBrisN; and LaBreN

2 ppm). Tantalum was used as material for the reaction containers,
which were prepared from metal tubing by welding them in an argon-

chem formula

CSNal.eErmNz

LasBrsN

filled arc-welder. After the reactions were loaded the sealed metal W

containers were encapsulated in fused silica jackets under dynamic high SPace groupZ
lattice consts (A, deg)

vacuum. Mixtures of CsBr, NaBr, LaBrand LaN with an overall

2136.00

P2:/n (No. 14), 2

910.15
Pbca(No. 61), 4

composition CsNalgBrisN, were heated at 85¢C for 20 days and g igigggg ﬂg%ggg
cooled with 5°C/h to 500°C, and then the furnace was turned off. 10:876(2) 17:176(1)
The products were pale yellow crystals of the new phases CsNalLa 95.07(1)

BrisN2 (yield > 80%, estimated from Guinier powder pattern; see Vv (A3) 1493.9(4) 2277.8(3)
below) besides small amounts of CsBr and NaBr. Subsequent reactions T (°C) 23 23

loaded with an overall composition of CsKdBxr14N,, KNaLasBriaNo, Peaica (9/CNF) 4.73 5.31
CsLaBriaN2, and KLaBriaN; as well as NalL¢Bri:N; all gave large A A 0.7107 0.7107

(up to 2 mm in diameter), rectangular, pale yellow crystals aBlgN u(Mo Ka) (cm™?) 282.3 320.4
besides the respective alkali-metal halides. The high-yield synthesis R, R?(F > 30¥) 0.044,0.114 0.052, 0.098

of this compound was successfully repeated by reacting the exact . _ S1IFol = IFl/S [Fol, Ry = [S[W(Fo2 — FAS (FAF V2 w =

composition of starting materials without any additional alkali-metal o2
halides.

In addition, some needle-shaped yellow crystals eBIgN (isotypic
to CeBrsN'? and some thin yellow platelets of §Br13N3O (isotypic

Table 2. Positionalx, y, zand Displacemenitef (A2 Parameters
for CsNaLaBrisN;

to PiBri1sNsO7) could be isolated from the products of the reactions

loaded as NalgBrisN, and CsLgBri4N,, respectively. These two new atom _posn X y z e
compounds, whose structures contain infinite chains of trans-edge Lal ~ 4e  0.00119(6) 0.40781(5) 0.87064(6) 0.0180(2)
sharing LaZ tetrahedra, were not detectable in the powder patterns of La2 4e  0.24500(7) 0.36678(5) 0.14273(6) 0.0207(2)
the products. Accordingly, their lattice parameters were determined La3 4e  0.70863(6) 0.40886(5) 0.08661(7) 0.0213(2)
with a single-crystal diffractometer. ﬁ;b fa 00 3(18 % 00 0'0407(;12(3) 3
X-ray Studies. Crystals of CsNaLgBriaN; (size ca. 0.1x 0.1 x e 00453(18) 0.5917(15) 0.5541(15) 0. (73)
ay ysta : 1412 - ba. U Brl 4e  0.7846(1) 0.2489(1) 0.8959(1) 0.0306(3)
0.2 mm) were sealed inside thin-walled glass capillaries in the glovebox g2 4e  0.4960(1) 0.2494(1) 0.1189(1) 0.0272(3)
under an argon atmosphere and found to be suitable for X-ray diffraction Br3 4e  0.8272(1) 0.4878(1) 0.6586(1)  0.0307(3)
experiments with the aid of oscillation and Laue film checks. Through Br4 4e  0.1824(1) 0.2291(1) 0.9266(1) 0.0330(3)
precession photographs of the zeroth to the second layers, the Laue Br5 4e  0.4602(1) 0.5299(1) 0.1528(1) 0.0266(3)
symmetry as well as the systematic reflection absences were found to Bré 4e  0.9644(1) 0.3124(1) 0.1765(2) 0.0365(3)
be characteristic of the space gra@pi/c (No. 14). The nonstandard ~ Br7  4e  0.2152(1)  0.4644(1) 0.6964(1)  0.0292(3)
settingP2:/n was chosen because here the monoclinic afigt92.07 N 4e  0.8474(9) 0.5109(7)  0.9851(9)  0.0179(19)

is close to 90. The same crystal was used to determine the cell
parameters and the orientation matrices by a least-squares refinement

2Ueq = Y53:3Uj a*a*ag. ® Occupancy= 0.47(3).

of the setting angles of 18 centered reflections on a Stoe STADI4 Table 3. Positionalx, y, z and Displacemente? (A2 Parameters

diffractometer with graphite-monochromated Ma. radiation. A total

for LagBreN

of 3593 data were collected at room temperature £426 < 55°;
+h,+k,+1). An empirical absorption correction was applied to the full

atom position

X y

z Ug

data set with the aid of 23-scans (Stoe instrument package X-RED).  Lal 8c  0.13673(11)  0.02088(9)  0.44054(6) 0.0252(3)
The structure of CsNalgsBri4N2 was determined first using direct La2 8c 0.34507(11) —0.03815(9)  0.17382(6) 0.0273(3)
methods (SHELXS-86) to obtain a structural model, which was then |éa3 8c 0.01062(11)  0.21832(8) 0.05038(6) 0.0269(3)
. . . . Brl 8c  0.2562(2) —0.2158(2) 0.4541(1) 0.0341(5)
employed in subsequent least-squares refinements and difference Fourieg,, 8c 0.3685(2) 0.0619(2) 0.3386(1) 0.0351(5)
syntheses (programs and scattering factors utilized were those of the g3 8c  0.1039(2) —0.0866(2) 0.2737(1)  0.339(5)
program package SHELXL-93. The residuals after an extinction  Br4 8c 0.6409(2) —0.0313(2) 0.4456(1)  0.0289(5)
correction and the anisotropic refinement of all atoms WR(¢E) = Br5 8c 0.1658(2) 0.2107(2) 0.1907(1) 0.0349(5)
0.042 andR,(F?) = 0.114 forF, > 3 0(Fo). The largest residual peak  Bré 8c  0.5343(2) —0.3121(2)  0.3749(1) 0.0339(5)
was 1.90 e/A 1.05 A apart from La3. N 8c  0.5510(15) 0.0939(11)—0.0607(8)  0.0260(36)

The selection procedures of the crystals ofBmaN (size ca. 0.1x

0.2 x 0.2 mm) were the same as described for CsNBLaN,.
Precession photographs from the zeroth to the third layers indicated
the unique orthorhombic space groBpca(No. 61). After the cell
parameters and the orientation matrices were determined with the aid
of 24 centered reﬂect_lons, 4622 qlata were mea_s_uﬁe(i(za = 500; structural data. All yields were estimated according to the relative
_h'fk'H _and the Friedel oppos_ltes). An emplrlc_al absorption cor- intensities of the powder pattern lines for each known phase present.
rection using 9y-scans was applied before averaging redundant data Some data collection and refinement parameters are given in Table 1.

(Rav = 0'04]?) o give a unique set of 2006 reﬂﬁdions' With the atom - e fina| atomic coordinates as well as the isotropic-equivalent ellipsoid
positions o Cﬁr?N as starting parameters, the structure ofiraN values and their standard deviations are listed in Tables 2 and 3.
was then determined as weR(F) = 0.052 andR,(F?) = 0.098 for i

> 3 o(Fo)). The largest residual peak was 2.67 ¥/8.94 A apart
from Lal.

X-ray powder patterns of samples mounted in an airtight assembly ~ Structural Description. The compound CsNalgBrisN;
between pieces of cellophane were collected with the aid of an Enraf- represents a novel structure type that contains pairs of edge-
Nonius Guinier camera with Cukradiation ¢ = 1.5406 A)and with  gharing La tetrahedra that are centered by N. This characteristic
Si introduced as an internal standard. The final lattice constants of LagN, unit is also present in LsBrgN for which the formula
may be written as LeBri2N> to rationalize better the structural
features and to illustrate the relationship to the alkali-metal
representative. In both compounds the bitetrahedral unit is
defined by three crystallographically distinct La atoms. The

2Ueq = 3 3135 U a*a* aidy.

the two compounds were obtained by least-squares refinements of the
lines (73 for CsNaLéBri4N, and 84 for LaBreN) which were indexed
on the bases of the model patterns calculated from single-crystal

Results and Discussion

(16) Sheldrick, G. MSHELXS-86, Program for crystal structure solution
Universitd Gottingen: Gitingen, Germany, 1986.

(17) Sheldrick, G. M.SHELXL-93, Program for crystal structure refine-
ment Universita Gottingen: Gitingen, Germany, 1993.
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Figure 1. CsNaLaBrisNz: Perspective view of the unit cell to show
the arrangement of the bfd, units and the alkali-metal atoms (dark
gray, La; empty spheres, Cs, Na, N; atoms numbered crystallographi-
ﬁﬁg gg(t:vc\)/gggL;OaI(?ntfllse r2e’ 98% prol:iablllty ther_mal lell_lpsorl]th, thin Figure 2. CsNaLaBri1sN2: Part of the structure to illustrate how the
present only geometric relationships). rare-earth metal units and the alkali-metal atoms are interconnected
by the Br atoms (dark gray, La; light gray, Br; N atoms omitted for

Table 4. Important Interatomic Distances (in A) for clarity; 98%).

CsNaLaBrisN; (1) and LaBrsN (2)

1 2 1 2
Lal-lLal 3.720(1) 3.717(2) La3Brl 3.083  3.093(3)
Lal-La2 3.873(1) 3.878(2) La3Bri 3.093(3)
Lal-La2 3.932(1) 4.017(1) La3Br2 3.089(1) 3.098(2)
Lal-La3 3.894(1) 3.882(1) La3Br4 3.295(2)
Lal-La3 3.922(1) 3.945(2) La3Br4 3.319(2)

La2—La3 3.912(1) 3.926(2) La3Br5 3.154(2)
La3—Br5 3.197(2)
Lal-Brl 3.105(2) 3.112(2) La3Br6 3.087(2) 3.251(2)
Lal—-Brl 3.346(2) La3Br7 2.977(2)
Lal-Br2 3.434(2) 3.080(2) La3N 2.29(1) 2.27(2)
Lal-Br3 3.072(2) 3.092(2)
Lal-Br4 3.071(2) 3.075(2) CGsBrl 4.117(2)
Lal-Br7 3.075(2) C%Br3 3.777(2)
Lal—-N 2.44(1) 2.44(1) CsBrd 3.676(2)
Lal-N  2.48(1) 2.51(2) CsBr5 3.804(2)
La2—-Brl 3.162(2) Cs%-Br6 4.568(2)
La2—Br2 3.066(2) 3.080(2) CGsBr7 3.756(2)
La2—Br3 3.006(2) 3.092(2) NaBr2 2.83(2)

La2—Br3 3.254(2) NaBr3 2.91(2)

La2—Br4 3.024(2) 3.075(2) NaBr3 2.92(2) Figure 3. LagBreN: Perspective view of the unit cell to show the
La2—Br5 3.113(2) 2.987(2) NaBr4 3.37(2) arrangement of the Lg&l, units (dark gray, La; empty spheres, N; atoms
La2-Br6 3.054(2) 3.111(2) NaBr6  3.20(2) numbered crystallographically according to Table 3; 98%; thin lines
La2—N  2.318(9) 2.36(1) NaBr7  2.86(2) between La atoms represent only geometric relationships).

a All Cs—Br distances occur twice.

in the surrounding and connectivity patterns displayed by the
two Lal atoms form the shared edge with an inversion center Br atoms which connect the iso units into a three-dimensional
(C) on its midpoint at}/», 0, ¥/-] for CsNaLaBrisN, and at [0, network (see below). After the structure refinement, these Br
0, 1/,] for LagBreN in the unit cell, while the La2 and La3 atoms ~ atoms were crystallographically numbered in a way such that
constitute the equatorial, nearly rectangular plane. The distance®toms with corresponding numbers cover equivalent lLa
Lal—Lal are significantly shortetNd ~ 0.2 A) than the other edges of the LglN, units in the structure of both compounds.
La—La separations within the tetrahedra. This stands in good CsNaLasBri4N,. In the structure of CsNalgBriN. (Figure
agreement with the observations for other compounds containing2) the Brl and Br7 atoms bridge the four Lella3 edges. While
condensed polyhedra and is largely due to an ionic matrix effect Brl is bonded as Br2!8to a La2 atom of an adjacent 4a
of the non-metal atomFigures 1 and 3 illustrate the arrange-
ment of the LaN, units in the unit cell of the respective  (18) Schier, H.; von Schnering, H. GAngew. Chem1964 76, 833.
compound. Table 4 gives interatomic distances. Despite the ngt‘g(p(')efsa fr?]’ettgfar;?g“%‘r:i dggz g%i”’g;)hﬁ gggge;t_idbﬁgge;"o?%e
similarities of the tetrahedral units, the structural differences edge and is coordinated to the vertex of another cluster, &nefX
between CsNalgBrisN, and LaBreN become most obvious links three different clusters via their vertices.
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tetrahedron as well as to Cs, the Br7 atoms have no additional
La as next neighbor (Brbut are also coordinated to both alkali-
metal atoms. Br2 exhibits the uncommor#Bra functionality
by connecting three L, units at the same time via their
corners formed by the Lal, La2, and La3 atoms, respectively.
The Lal-La2 edges are bridged by Br3 and Br4 atoms. Both
display BF functionality and are also linked to Cs and Na. Br5
atoms act as Bralinkages and interconnect the L-aPa3 edges
of one unit with a La3 corner atom of another. They are also
connected to Cs. Each Br atom with the functionalityBr
has a crystallographically equivalent counterpart at the same
tetrahedral unit that displays 8F connectivity. Finally, Bré
atoms are located over the saddles of the bitetrahedral unit and
are coordinated to La2 (3.05 A) and La3 (3.08 A) and, at a
greater distance, also to the two Lal atoms of the shared edge.
The separations from the latter are quite different (3.59 and 3.74
A); hence, the Br6 atoms are shifted out of the plane comprised
by the La2 and La3 atoms of the dMp unit. This observation ) ) .
is even more obvious in the structure of:BaN as discussed Figure 4. LagBrgN: Part of the structu.re_) to |Ilustrate.the connectl\_llty

. s - pattern of the Br atoms (dark gray, La; light gray, Br; N atoms omitted
below. To illustrate the bridging modes of the halide atoms, ¢, clarity; 98%).
the formula may be written as CsNa@\g)Br'gBri=2,,,Bra—,-
Bré®%;. The Cs atoms are located in distorted cuboctahedral jtetrahedral unit. They are, however, much more shifted out
Bri12 polyhedra within the framework of interbonded, nitrogen-  of the equatorial plane and are now also coordinated with Lal
centered rare-earth-metal units. The-@s separations range (2,98 A), La2 (3.05 A), and La3 (3.08 A) while the distance to
from 3.68 A for Cs-Brd to 4.57 A for Cs-Br6 and average  tne other Lal atom of the shared edge amounts to 4.58 A. For

3.95 A. For comparison, the distance calculated from Shannon LagBreN (=LagBriN,) the bromine connectivity may be sum-
radiit® for CN 12 amounts to 3.84 A. As shown in Figure 2, marized as (LgNz)Bri4Bri*i4/zBr‘*a*a2/3 Bra—a=iBri =, ,Bra iy,

the Na atoms are surrounded by a deformegl &tahedron  pgra-a-a,,

with Na—Br distances from 2.83 A for NaBr2 to 3.37 Afor  gyryctural Interrelationships. Comparing the interconnec-
Na—Br4 with an average of 3.02 A (2.98 A from Shannon radii tion pattern of the Br atoms of the two new compounds, one
for CN 6). Two of these octahedra share a common-B&3 may be tempted to conclude that the bitetrahedral units i La
edge with an inversion center on its midpoint #;,[0, 0] in BreN are packed much more densely through Band Bi-a-2

the unit cell. TheC; symmetry operation would also resultin - iyteractions as they are in CsNaBawN,. In addition, the latter
very short Na-Na distances of 2-84_A by a full occupancy of  hag the alkali-metal atoms as spacers which should widen the
the Na position. However, the refinement indicates that the sicture. However, distance calculations utilizing the inversion
particular position is only half-occupied by Na with a refined  center at the midpoint of the Lal.al axis as a reference point
value of 47(3)%. Furthermore, these results make an ionic reyeal that the L&\, units in the structure of CsNakRrisN,
formulation as CSNa‘La**¢Br1N*"; possible without any  gre on average only little more distant from each other than in
electrons left for metatmetal bonding between the La atoms. LagBreN. They range 9.9310.87 A withd = 10.23 A and
This concurs with the transparent appearance of the crystals.g 15-10.43 A withd = 9.61 A, respectively. Moreover, in
The relatively large ellipsoids observed for the Cs and Na atoms p i, compounds each &, unit is surrounded cuboctahedrally
as well as the statistical occupancy of the Na positions parallelsby 12 others, and so they create the motif of a cubic-closest
the experiences with similar compounds such asgils, (A packing.

= Na—Cs} or NaPuBroNO,” with the alkali-metal atoms in The significant difference is the conformation of thesha
poorly proportioned, low-symmetry sites. Obviously, the pits in the two structures. Figures 1 and 2 show how the long
nitrogen and rare-earth-metal atoms as well as the bridging cross axes (comparable with the-N axis) of the bitetrahedra
halld_es often t_)und strong, dqmmant frameworlfs while the iy csNaLaBrN, are all approximately parallel [100], thus
alkall-mgtal cations largely fulfill only charge requirements for creating space for the alkali-metal atoms. In the structure of
the particular compound. LasBrgN the cross axes extend in four different directions. The

LasBreN. Figure 4 shows the connectivity pattern of Br pitetrahedra are tilted here toward each other (Figure 3 and 4)
atoms in the structure of LBr¢N. Here Brl atoms connect leaving no room for other cations.

two LaN2 units via their Lat-La3 edges as Br with each The close structural relationship is also impressively docu-
other. _ As obser_ved in the structure of thg alkall-metal repre- mented by calculations of tidadelungPart of LatticeEnergy,
sentative, Br2 displays the unusual functionality*Br2 and MAPLE, 2 via the reaction

interconnects three units via their Lal, La2, and La3 corner
atoms. Br3 and Br4 atoms span the four t&h2 edges. While
Br3 is bonded as Br2 to a La2 atom of an adjacent La
tetrahedron, the Br4 atoms link to additional rare-earth-metal MAPLE (kJ/mol): 2x 17094 + 659 + 813 = 35681

units as Br@2via their La3 atoms. Br5 bridges the two L-a2

La3 and should be labeled as'Bince its next ligand (La2) is  although such a reaction would probably not be feasible
already 0.6 A further away and should not be considered as atopotactically. Calculations were performed for each compound
part of the coordination sphere any more. Like in CsNaLa on bases of their refined crystal structures. The combined lattice
BrisN, the Br6 atoms are located over the saddles of the

2 La;BrgN + CsBr + NaBr — CsNaLagBrisN;

(20) Hoppe, RAngew. Chem1966 78, 52;197Q 82, 7; Angew. Chem.,
(19) Shannon, R. DActa Crystallogr.1976 A32 751. Int. Ed. Engl.1966 5, 95; 197Q 9, 20.
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P of the metal-rich cluster chemistry. For example, Figure 5
; compares the bitetrahedral My unit of CsNaLaBri4N» with
the recently discovered bioctahedral §@0, cluster in the
structure of Cslaygl17C0,.2122 Both tetrahedra and octahedra
are centered by interstitial atoms, the distances between the rare-
earth-metal atoms are almost the same including the shorter
separations of the atoms forming the shared edges, and all outer
edges are bridged characteristically by halide atoms that
interconnect the metal units into a three-dimensional network.
Phase Relationships. Another important and interesting
aspect of this research is the failure to synthesize compounds
with similar compositions such as CskdBx14N,, KNalas-
BriaN2, CsLaBrigN,, and KLaBriaN2 as well as NaLgBriaNo.
Under the experimental conditions used here solely the ternary
phase LgBrgN was obtained together with the (unreacted) binary
alkali-metal bromides. Only the combination Cs and Na as
“large” and “small” cations seems to favor the formation of the
quinquinary phase. Quaternary phases have not been observed
so far. In one reaction, loaded as NgBg3N,, some crystals
of another ternary phase, 1BrsN, were isolated. Traces of
oxygen in the starting materials, most probably from contamina-
tion of the highly moisture-sensitive LaBduring their storage
in the glovebox, resulted in small amounts ofsBasN3O.
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