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Abstract. The europium(II) oxoborate Li2Eu3Br2[BO3]2 featuring lith-
ium and bromide ions was synthesized by the reaction of Eu2O3 with
Li[BH4] as lithium- and boron- as well as EuBr3 as bromide-source at
750 °C for 24 h in silica-jacketed sealed niobium capsules. The yellow,
air-stable and yellow fluorescent compound crystallizes in the trigonal
space group R3̄m (a = 1049.06(7) pm, c = 2993.1(3) pm, c/a = 2.853,

Introduction

The chemistry of oxoborates featuring divalent europium
shows a great variety of different structural motifs due to
various connectivities of the involved oxoborate units in com-
pounds like Eu3[BO3]2,[1,2] Eu2[B2O5],[3] or EuB2O4.[4] These
systems can be further expanded with halide anions, for
example, leading to compounds such as Eu5F[BO3]3,[5]

Eu5Cl[BO3]3,[6] Eu2ClB5O9, or Eu2BrB5O9.[7] If this system is
to be further increased, the smallest possible metal cation
seems to be Li+ as most prominent candidate. While lithium-
containing oxoborates exist for the structurally and size-related
Sr2+ cation in compounds like LiSr[BO3][8] or LiSr4[BO3]3,[9]

no corresponding Eu2+ analogues have been reported yet, al-
though for the trivalent case compounds like Li3Eu2[BO3]3

[10]

or Li6Eu[BO3]3
[11] are known in literature. With this contri-

bution we like to add the missing link Li2Eu3Br2[BO3]2, a pure
divalent europium compound, to the collection of these
oxoborates.

In oxoborates, the central B3+ cation is generally found in
three different coordination geometries such as [BO4]5– tetra-
hedra, [BO3]3– triangles and even [BO2]– dumbbells in rare
examples (e.g. Gd4[BO2]O5F[12]). Much like in the case of
oxosilicates, these polyhedra often join vertices to form con-
densed units, like dimers [B2O5]4– (e.g. in Mg2[B2O5][13]), six-
membered rings [B3O6]3– (e.g. in KBO2

[14]) or infinite chains
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Z = 12). The two crystallographically distinguishable Eu2+ cations
show either an eightfold coordination as bicapped trigonal prism
([EuO6Br2]12–) or a ninefold coordination as monocapped square anti-
prism ([EuO5Br4]12–). All oxygen atoms stem from isolated triangular
[BO3]3– anions and the Li+ cations reside in octahedral voids provided
by both oxygen atoms and Br– anions.

1
�{[BO2]–} (e.g. in CaB2O4), when vertex-linked [BO3]3– units
are concerned. The ability to also form [BO4]5– tetrahedra fur-
ther increases the structural diversity to silicate analogues like
the olivine-type MgAl[BO4][15] and for these also vertex- (e.g.
in χ-DyBO3

[16]) and even edge-sharing (e.g. in Dy4B6O15
[17])

can be observed. In case of the above-mentioned europium(II)
oxoborates similar structural motifs are found. While in the
ortho-oxoborate Eu3[BO3]2 isolated [BO3]3– units occur, the
pyro-oxoborate Eu2[B2O5] contains dimers [B2O5]4– with two
[BO3]3– units sharing a vertex. The meta-oxoborate EuB2O4

exhibits vertex-connected [BO3]3– units to form one-dimen-
sional chains 1

�{[BOv
2/2Ot

2/1]–}.
Concerning the europium(II) halide oxoborates similar

motifs are literature known, like isolated [BO3]3– units in
Eu5F[BO3]3,[5] Eu5Cl[BO3]3,[6] Eu2Cl[BO3], and
Eu2Br[BO3],[18] with the exceptions of Eu2ClB5O9 and
Eu2BrB5O9,[7] where [BO3]3– and [BO4]5– units share vertices
to form a three-dimensional network. Hence it is not surprising
that in the crystal structure of Li2Eu3Br2[BO3]2 isolated tri-
angular [BO3]3– anions can be found as well.

Results and Discussion

The title compound Li2Eu3Br2[BO3]2 originates from the
reaction of Eu2O3 with EuBr3 and Li[BH4] in arc-welded
niobium capsules (details in the Experimental Section). It crys-
tallizes trigonally in the space group R3̄m with the lattice pa-
rameters a = 1049.06(7) pm and c = 2993.1(3) pm (c/a =
2.853). While no magnetic ordering of the Eu2+ cations is ob-
served, the air- and water-stable crystals exhibit a bright
yellow fluorescence under ultraviolet light.

In the new oxoborate Li2Eu3Br2[BO3]2 the (Eu1)2+ cations
show a bicapped trigonal prism [EuO6Br2]12– as coordination
environment, while the (Eu2)2+ cations are surrounded by nine
ligands forming a monocapped square antiprism [EuO5Br4]12–.



Journal of Inorganic and General Chemistry

Zeitschrift für anorganische und allgemeine Chemie

ARTICLE

Figure 1. Bicapped trigonal prism [(Eu1)O6Br2]12– around (Eu1)2+

(top) and monocapped square antiprism [(Eu2)O5Br4]12– around
(Eu2)2+ (bottom) in the crystal structure of Li2Eu3Br2[BO3]2.

Both polyhedra are shown in Figure 1 with their complete
oxoborate vicinity consisting of two mono- and bidentate
[BO3]3– ligands each for (Eu1)2+, but only one monodentate
and two bidentate ones for (Eu2)2+. There are three crystallo-
graphically distinguishable Li+ cations in the crystal structure.
(Li1)+ forms a triangular non-planar [(Li1)O3]5– unit. At first
glance, if the neighboring Br– anions are included as well, the
coordination sphere is increased as a trigonal antiprism forms.
The two remaining Li+ cations both center more regular octa-
hedra [(Li2)O6]11– and [(Li3)O2Br4]7– as shown in Figure 2.
All three Br– anions are surrounded by six cations forming
octahedra ([(Br1)Eu6]11+, [(Br2)Eu6]11+ and [(Br3)Li2Eu4]9+),
where for the latter an additional (Li1)+ ligand must be in-
cluded due to its rather close proximity as shown in Figure 3.
In Figure 4 both distinct oxoborate units [(B1)O3]3– and
[(B2)O3]3– are presented with their individual cationic and an-
ionic coordination environment added.

The interatomic distances d(Eu–O) = 246–266 pm and
d(B–O) = 134–141 pm in Li2Eu3Br2[BO3]2 are in good agree-
ment with those for Eu3[BO3]2 (d(Eu–O) = 235–296 pm,
d(B–O) = 136 pm), whereas them for d(Eu···B) = 294–301 pm
appear much shorter than in Eu3[BO3]2 (d(Eu···B) = 316–
330 pm).[1] The interatomic distances d(Eu–Br) = 303–329 pm
in Li2Eu3Br2[BO3]2 resemble very much the average distances
d(Eu–Br) = 309–328 pm found in SrBr2-type EuBr2

[19,20]

While the distances d(Li1–Br3) = 326 pm and d(Li3–Br3) =
299 pm are much larger than d(Li–Br) = 275 pm in rocksalt-
type LiBr,[21] most distances d(Li–O) = 197–223 pm are rela-
tively close to those of 200 pm in anti-fluorite-type Li2O.[22]

In view of the lithium coordination spheres (Figure 2 and
Table 4), the rather incomplete polyhedron of (Li1)+ deserves
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Figure 2. Triangular non-planar [(Li1)O3]5– unit (top) with three ad-
ditional Br– anions forming a trigonal antiprism (or fac-octahedron),
different enough from the octahedron [(Li2)O6]11– around (Li2)+ (mid)
and the trans-octahedron [(Li3)O2Br4]7– around (Li3)+ (bottom) in the
crystal structure of Li2Eu3Br2[BO3]2.

some comment. With the help of ECoN calculations (ECoN =
Effective Coordination Number according to Hoppe[23]) using
the ionic radii ri(Li+) = 76 pm, ri(O2–) = 140 pm, and
ri(Br–) = 196 pm (all for C.N. = 6),[24] all oxide anions show
contributions such as 0.89 to 1.28 to ECoN(Li1) = 3.14,
ECoN(Li2) = 5.91 and ECoN(Li3) = 4.61. For ECoN(Li2),
there is no other contribution, so 1.16 (2�) from O1 and 0.89
(4 �) from O3 yields the highest ECoN value for all lithium
cations in Li2Eu3Br2[BO3]2. The mixed-anion coordination
spheres of Li1 and Li3 cause very different results, however.
While Li3 exhibits with 1.28 (2�) from O2 and 0.36 (4�)
from Br3 a reasonably high number of almost 5, Li1 settles
with just a little more than 3 as sum of 1.03 (3 �) from O2
and 0.02 (3�) from Br3. So the special function of (Br3)– to
fulfill as only bromide anion in Li2Eu3Br2[BO3]2 the coordina-
tion demand of both lithium cations (Li1 and Li3) with mixed-
anion spheres seems to be demanding.

The [BO3]3– anions are highly symmetric when centered
with B1 (d(B1–O) = 137 pm (3�); angle O1–B1–O1 = 120°,
d(B1–Δ) = 5 pm), but show a remarkable bond length variation
for B2 (d(B2–O) = 133 pm (1�) + 142 pm (2�); angle O1–
B2–O1 = 114–123°, d(B2–Δ) = 4 pm). Reason might be the
bidentate grip at the (Eu1)2+ cations, which mainly works via
O3···O3 (Figure 1).

The possibility of the formula Li2Eu3Br2[BO3]2 being com-
posited from 2� LiBr[21] and Eu3[BO3]2,[1,2] might inspire
some number games. So the molar volume of Vm =
143.18 cm3·mol–1 of the first one is not so well reflected by
the sum Vm = 139.92 cm3·mol–1 of the latter two according to
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Figure 3. Octahedra [(Br1)Eu6]11+ (top), [(Br2)Eu6]11+ (mid) and
[(Br3)Li2Eu4]9+ (bottom) with an additional (Li1)+ ligand indicated by
a dotted bond in the crystal structure of Li2Eu3Br2[BO3]2.

Figure 4. Cationic and anionic coordination environment of the iso-
lated triangular [(B1)O3]3– (top) and [(B2)O3]3– units (bottom) in the
crystal structure of Li2Eu3Br2[BO3]2.
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2�25.13 cm3·mol–1 + 89.66 cm3·mol–1 (Δ = 2.3 %), suggest-
ing Li2Eu3Br2[BO3]2 to be less dense than the sum of its com-
ponents. On the other hand the comparison of their Madelung
Part of the Lattice Energy (MAPLE according to Hoppe[25,26])
reveals a much better fit, when MAPLE(Li2Eu3Br2[BO3]2) =
35,377 kJ·mol–1 is juxtaposed to the MAPLE sum
(35,195 kJ·mol–1) resulting from the components according to
2�MAPLE(LiBr) = 2 �882 kJ·mol–1 + MAPLE(Eu3[BO3]2)
= 33,431 kJ·mol–1 (Δ = 0.5%).

While the crystal structure of the europium(II) ortho-oxo-
borate Eu3[BO3]2,[1,2] can be described isostructurally to
Ca3[BO3]2

[27] as an anti-corundum-type arrangement derived
from a hexagonal close packing of Eu2+ cations with [BO3]3–

units occupying 2/3 of the octahedral voids in every layer, simi-
larly, the crystal structure of Li2Eu3Br2[BO3]2 might be under-
stood as being based on a cubic close packing of Eu1, Eu2,
Li3 and Br1 (Figure 5). Herein Eu1 and Eu2 form separate
layers, in the following description labeled with the letters A,
B and C, while Li3 and Br1 form layers with mixed occupation
further labeled with A�, B� and C� and stacked along [001].
With a stacking order of A�BCABC�ABCAB�CABCA� it can
be seen that the mixed Li3 and Br1 layers are separated by
four europium layers, where two Eu2 layers sandwich a Eu1
double layer. In this packing motif, the octahedral voids are
filled in repeating patterns, which can be described as layers
consisting of two kinds of ions. Here, every second row and
column will feature the same ions, while in every other row
and column the two ions alternate as shown in Figure 6.

Figure 5. Two unit cells of Li2Eu3Br2[BO3]2 as viewed along [110]
emphasizing the cubic close packing motif along [001] (labeled with
ABC and A’B’C’). The [BO3]3– triangles are drawn with their molecu-
lar bonds for easier recognition.

This motif is found for the octahedral voids between the
Eu2 and the mixed Li3 and Br1 layers with Li1 and Br3 filling
the voids, and between the two Eu1 layers with Li2 and Br2
filling the voids. The missing oxoborate units [BO3]3– reside
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Figure 6. Structural motif for the cation and anion layers filling the
octahedral voids in the crystal structure of Li2Eu3Br2[BO3]2. The black
and white color coding does not refer to a specific ion, but is used to
distinguish the two different kinds of ions.

in tetrahedral voids between the Eu1 and Eu2 layers. While in
the europium(II) ortho-oxoborate Eu3[BO3]2 the [BO3]3– tri-
angles arrange normal to the [001] direction, Li2Eu3Br2[BO3]2

also features triangles in an approximate angle of 70° relative
to the c axis (Figure 5). Crystallographic data and structure
refinement results are summarized in Table 1, atom positions
and anisotropic displacement parameters are listed in Table 2
and Table 3, respectively, and selected interatomic distances
are given in Table 4.

Table 1. Crystallographic data for Li2Eu3Br2[BO3]2 and their determi-
nation.

Li2Eu3Br2[BO3]2

Crystal system trigonal
Space group R3̄m (no. 166)
a /pm 1049.06(7)
c /pm 2993.1(3)
c/a 2.853
Formula units, Z 12
Calculated density, Dx /g·cm–3 5.219
Molar volume, Vm /cm3·mol–1 143.12
Instrument STOE STADIVARI
Radiation Mo-Kα, λ = 71.07 pm
F(000) 3876
Range, �h / �k / � l 13 / 13 / 38
2Θmax /° 54.65
Absorption coefficient, μ /mm–1 27.94
Data corrections Lorentz and polarization correc-

tion using X-Area [28], absorption
correction using STOE LANA
[29]

Number of measured vs. symmet- 6451 / 796
rically independent reflections
Rint / Rσ 0.061 / 0.038
Structure solution and refine- SHELXS-97 [30, 31],
ment SHELXL-97 [32, 33]
R1 for n reflections with 0.040 (n = 622)
|Fo| � 4σ(Fo)
R1 / wR2 for all reflections 0.056 / 0.096
Goodness of fit (Goof) 1.009
Extinction coefficient, g 0.00002(1)
Residual electron density, 1.91 / –1.84
ρmax/min / e–·Å–3
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Energy-dispersive X-ray Spectroscopy (EDXS)

To identify possible contaminations with for example
niobium from the metal capsule an EDX spectrum was taken
(Figure 7). Therefore, several yellow single crystals of
Li2Eu3Br2[BO3]2 were selected to guarantee a uniform compo-
sition. Due to the measuring method, neither lithium nor boron
could be determined. The carbon signal is due to the sample
sputtering with graphite to increase the conductivity, the sili-
con signal is likely a silicon escape peak from the detector.
Although no quantitative results could be taken from the
EDXS analysis, it becomes evident that the compound features
europium and bromine and does not show any niobium from
the growth on the niobium capsule walls.

Figure 7. EDX spectrum of Li2Eu3Br2[BO3]2 (Vacc = 15 kV) with
characteristic element lines labeled.

Magnetic Properties

As Li2Eu3Br2[BO3]2 features two different Eu2+ cations, but
three in the empirical formula, which due to their 4f7 configu-
ration often show magnetic ordering, the magnetic behavior
was tested. For this measurement 15 mg of Li2Eu3Br2[BO3]2

were filled into a tared gelatin capsule, whose magnetic mo-
ment was determined before. It was then placed into a SQUID
magnetometer (Quantum Design, San Diego) and measured in
a temperature interval from 2 K up to 300 K at a magnetic
field strength of 100 Oe. From this data, the inverse molar
susceptibility χmol was determined (Figure 8).

Figure 8 shows a typical paramagnetic behavior as the in-
verse molar susceptibility increases linearly with the tempera-
ture. The determined magnetic moment of Eu2+ (μeff =
7.64�0.02 μB) for the Eu2+ cations found in close approxi-
mation to the theoretical Russel-Saunders magnetic moment of
7.94 μB for an isolated Eu2+ cation (8S7/2):

μeff = g·�S·(S + 1) μB = 7.94 μB

The nearly double zero-crossing of the χm
–1 vs. T curve does

not leave any evidence for magnetic ordering phenomena,
which does surprise as the shortest Eu2+···Eu2+ distances of
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Table 2. Fractional atomic coordinates, Wyckoff positions, and equivalent isotropic displacement parameters for Li2Eu3Br2[BO3]2.

Atom Site x/a y/b z/c Ueq /pm2

Li1 6c 0 0 0.2977(18) 295(124)
Li2 9d 1/2 0 1/2 240(91)
Li3 9e 1/2 0 0 185(85)
Eu1 18h 0.15912(4) –x/a 0.13726(3) 127(3)
Eu2 18h 0.16612(4) –x/a 0.93889(3) 145(3)
Br1 3a 0 0 0 359(11)
Br2 3b 0 0 1/2 260(9)
Br3 18h 0.13204(9) –x/a 0.62863(7) 278(4)
B1 6c 0 0 0.1204(9) 81(52)
B2 18h 0.2044(9) –x/a 0.4303(7) 215(40)
O1 18h 0.0752(5) –x/a 0.8778(3) 178(23)
O2 18h 0.1032(5) –x/a 0.2781(3) 153(21)
O3 36i 0.4127(7) 0.3609(7) 0.1217(2) 165(15)

Table 3. Anisotropic displacement parameters (Uij /pm2) a) for Li2Eu3Br2[BO3]2.

Atom U11 U22 U33 U12 U13 U23

Li1 191(148) U11 501(348) 1/2 U11 0 0
Li2 211(143) 232(198) 285(230) 1/2 U22

1/2 U23 94(168)
Li3 154(122) 322(216) 134(188) 1/2 U22

1/2 U23 –141(156)
Eu1 91(3) U11 185(5) 33(3) –U23 4(2)
Eu2 132(3) U11 180(5) 73(3) –U23 9(2)
Br1 284(13) U11 509(30) 1/2 U11 0 0
Br2 180(11) U11 420(26) 1/2 U11 0 0
Br3 284(6) U11 221(9) 109(7) –U23 –5(4)
B1 91(75) U11 60(128) 1/2 U11 0 0
B2 128(57) U11 394(114) 68(72) –U23 28(39)
O1 58(29) U11 337(64) –32(37) –U23 4(25)
O2 162(35) U11 131(50) 79(41) –U23 –36(22)
O3 120(33) 147(35) 200(38) 45(28) –4(31) 36(30)

a) Ueq = 1/3 [U33 + 4/3(U11 + U22 – U12)][34].

Table 4. Selected interatomic distances (d /pm) for Li2Eu3Br2[BO3]2.

Li1–O2 (3�) 196.5 Eu1–Br3 (1�) 306.7
Li1···Br3 (3�) 325.9 Eu1–O3 (2�) 251.1
Li2–O1 (2�) 212.9 Eu1–O3’ (2�) 254.5
Li2–O3 (4�) 222.7 Eu1–O1 (2 �) 254.5
Li3–O2 (2�) 201.6 Eu1–Br2 (1�) 328.6
Li3–Br3 (4�) 299.3 Eu2–Br3 (1�) 303.6

Eu2–O1 (1�) 246.4
B1–O1 (3 �) 136.7 Eu2–O3 (2�) 254.0
B2–O2 (1 �) 133.4 Eu2–O2 (2�) 266.1
B2–O3 (2 �) 141.6 Eu2–Br3’ (2�) 345.3

Eu2–Br1 (1�) 352.9

362 and 373 pm are in close approximation to those in the
ferromagnetic Eu3[BO3]2 (d(Eu···Eu) = 359 pm)[2] and in fer-
romagnetic EuO (d(Eu···Eu) = 363 pm).[35]

Color and Luminescence

The new europium(II) oxoborate Li2Eu3Br2[BO3]2 shows a
yellow color as bulk material, very much like the other europi-
um(II) oxoborates (Eu3[BO3]2, Eu2[B2O5] and EuB2O4) and
halide oxoborates (Eu2ClB5O9 and Eu2BrB5O9) mentioned be-
fore. Under ultraviolet light (λ = 254 nm), however
Li2Eu3Br2[BO3]2 and Eu3[BO3]2 have some different behavior.
Crystals of Eu3[BO3]2

[1,2] were obtained in another experiment
and can therefore be used for comparison with the title com-
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Figure 8. Inverse molar susceptibility of Li2Eu3Br2[BO3]2 after sub-
traction of all temperature-independent components. A linear fit (red
line) was used to determine the magnetic moment for the Eu2+ cations
according to the Curie-Weiss law.

pound. Although both compounds do not differ much in body
color, their luminescence is different with Eu3[BO3]2 glowing
red and Li2Eu3Br2[BO3]2 showing a bright yellow lumines-
cence under ultraviolet light (λ = 254 nm, MinUVIS Desaga,
Nümbrecht) as shown in Figure 9 and Figure 10.

While the pure europium(II) ortho-oxoborate Eu3[BO3]2

exhibits red fluorescence, the hypsochromic shift of the title
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Figure 9. Crystals of Li2Eu3Br2[BO3]2 (top) and Eu3[BO3]2 (bottom)
under a light microscope. While Li2Eu3Br2[BO3]2 shows a bright le-
mon-yellow color, Eu3[BO3]2 is orange-yellow. The black side-phases
are mixtures of niobium metal pieces, as the used capsules become
extremely brittle, and unknown niobium-rich phases according to
EDXS determinations.

Figure 10. Luminescence of Li2Eu3Br2[BO3]2 (top) and Eu3[BO3]2

(bottom) under UV light (λ = 254 nm).

compound Li2Eu3Br2[BO3]2 may also originate from the intro-
duction of bromide anions into the system. If other europi-
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um(II) bromides and oxide bromides are used for comparison,
such as EuBr2

[36] or Eu4OBr6,[37] a blue fluorescence is ob-
served. The same effect is found for Sr3[BO3]2 that shows a
yellow fluorescence,[38] when doped with Eu2+, in comparison
to Eu2+-doped SrBr2, which exhibits a blue emission.[39] An-
other surprising difference emerges, when the luminescence of
Li2Eu3Br2[BO3]2 is further compared with the performance of
other europium(II) oxoborates and their halide derivatives
(Table 5).

Table 5. Selected europium(II) oxoborates, halide oxoborates and
Eu2[SiO]4 with their reported body colors and their emission maxima
of luminescence.

Composition Body color Luminescence (λmax /nm)

Eu2[SiO]4 yellow [40] 578 nm [40]
Eu3[BO3]2 yellow [2] orange red
EuB2O4 yellow [41] 370 nm [42]
EuB4O7 gray [41] 372 nm [42]
Eu2[B2O5] yellow [41] –
Eu2Cl[BO3] black [18] a) –
Eu2Br[BO3] black [18] a) –
Eu2ClB5O9 yellow [43] 430 nm [43]
Eu2BrB5O9 yellow [43] 435 nm [43]
Eu5F[BO3]3 yellow [5] 418 nm [5]
Eu5Cl[BO3]3 orange red [6] –

a) Most probably mixed-valent europium halide oxoborates according
to Eu6X[BO3]4 (X = Cl and Br)[44].

Although the reported body colors show mostly similar yel-
low shades, the corresponding emission maxima range in the
region from 370 to 440 nm. The only exception seems to be
the above shown europium(II) ortho-oxoborate Eu3[BO3]2

(Figure 10). This does not surprise, as europium(II) com-
pounds show a high dependency in their emission wavelengths
of the surrounding coordination environment due to energeti-
cally close 5d and 4f orbitals thus leading to 5d–4f emis-
sions.[43] Additionally, the yellow body color and emission of
Li2Eu3Br2[BO3]2 also reminds of the optically similar
europium(II) ortho-oxosilicate Eu2[SiO4].[40] As the lumines-
cent properties of the latter have been subject to careful in-
vestigations by members of our group, similar studies are
planned in collaboration with experts in this field for a future
publication, since properties like emission maxima of bulk lu-
minescence and the necessary theoretical considerations are
beyond the scope of this article.

Conclusion and Outlook

The yellow multinary europium(II) ortho-oxoborate
Li2Eu3Br2[BO3]2 can be obtained from Eu2O3, EuBr3 and
Li[BH4] as reducing agent in niobium capsules. Its yellow
body color is repeated by its luminescence, which surprises,
since both crystallographically independent Eu2+ cations show
mixed-anionic coordination spheres with oxide and bromide
anions. Several attempts have been made to also prepare the
other lithium-halide derivatives Li2Eu3Cl2[BO3]2 and
Li2Eu3I2[BO3]2, but none of these products were formed. In
the future, the possible formation of calcium, strontium and
barium as well as potential ytterbium(II) analogues should be
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tested. The stoichiometry must be adjusted to minimize the
amount of side-products. The luminescence properties of
Li2Eu3Br2[BO3]2 and Eu3[BO3]2 have to be measured in more
detail and interpreted to understand the strong red-shift for the
pure ortho-oxoborate. The thermal behavior of the title com-
pound under air and inert conditions should be followed by
differential scanning calorimetry (DSC), differential thermal
analysis (DTA) and powder diffraction to check for possible
conversions or phase transitions. Finally, a possible Li+-cation
conductivity could be investigated, which might be realized by
lithium-containing channels parallel to [100], [110], and [001].
Although the shortest distances along these channels
d(Li2···Li2) and d(Li3···Li3) = 524 pm may be problematic for
Li+-cation conductivity, the distances d(Li1···Li2) = 496 pm
and d(Li1···Li3) = 321 pm should open a path for lithium-ion
conductivity, in particular for (Li1)+ with its very anisotropic
displacement parameters (Table 3).

Experimental Section

Li2Eu3Br2[BO3]2 was formed in high yield during an attempt to use
Li[BH4] as reducing agent to obtain europium(II) oxide halides and
potential hydrides. A previous experiment has revealed that
europium(II) hydride chloride EuHCl could be prepared among other
side-products from Eu2O3 and LiCl using Li[AlH4] as reducing
agent.[45] When Li[BH4] and EuBr3 were used, no red EuHBr formed,
but Li2Eu3Br2[BO3]2. For both reactions, however, the reducing
power of Li[AlH4] and Li[BH4] was obviously strong enough to gener-
ate divalent europium compounds exclusively, whereas borothermic
reductions with elemental boron in the presence of halide anions often
results in the formation of mixed-valent europium compounds,
such as Eu6Cl[BO3]4 and Eu6Br[BO3]4

[44] according to
(Eu2+)5(Eu3+)(X–)([BO3]3–)4 (X = Cl and Br). The bright yellow and
air-stable platelets of Li2Eu3Br2[BO3]2 were prepared from europium
sesquioxide (Eu2O3: 99.99 %, ChemPur, Karlsruhe), europium tribro-
mide (EuBr3: 99.99%, Alfa Aesar, Karlsruhe) and lithium tetra-
hydroborate (Li[BH4]: 95%, Acros Organics, Nidderau). For this
reason Eu2O3 (88 mg, 0.25 mmol, 1 equiv.) was mixed with EuBr3

(98 mg, 0.25 mmol, 1 equiv.) as well as Li[BH4] (16 mg, 0.75 mmol,
3 equiv.) and filled into a niobium capsule (5 cm�1 cm diameter,
1 mm wall thickness), made from niobium metal-pipes (Holdenrieder,
Bergkirchen). The pipes were cut into 5 cm long pieces and closed on
one side using an inert-gas arc-welder. The ampoule was loaded inside
an argon-filled glove box (MEGA GS Glovebox Systemtechnik,
Malsch) and sealed by arc-welding in helium environment at 800 mbar.
As niobium reacts with oxygen and nitrogen at elevated temperatures,
the capsules were further jacketed with an evacuated fused silica am-
poule and heated in a muffle furnace (Nabertherm L9/12, Liliental) for
24 h at 750 °C with a heating rate of 60 K·h–1 and a cooling rate of
15 K·h–1. The capsules were then opened in an argon-filled glove box
again. The product consisted of a black powder with unknown compo-
sition together with bright yellow, air-stable crystals forming at the
capsule walls. A following EDXS analysis (SX 100, Cameca, Paris)
showed no traces of niobium in the new compound, while a high ni-
obium concentration could be detected in the black side-product. The
experiment was successfully repeated two times, although no phase-
pure product could yet be generated. A single crystal was chosen for
single-crystal X-ray diffraction experiments (Stadivari, Stoe & Cie,
Darmstadt) and the crystal structure was determined.
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