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LaszFMo,406 crystallizes in the triclinic crystal system with
space group P1 [a = 724.86(2) pm, b = 742.26(2) pm, ¢ =
1469.59(3) pm, a = 101.683(2)°, f = 102.118(2)°, y =
100.279(2)°] with two formula units per unit cell. The three
crystallographically independent La3* cations show a coordi-
nation number of nine each, with one F~ and eight O  anions
forming distorted monocapped square antiprisms. The fluo-
ride anion is coordinated by all three lanthanum cations to
form a nearly planar triangle. Besides three crystallographi-
cally independent tetrahedral [MoOg4]? units, a fourth one
with a higher coordination number (CN =4 +1) can be found
in the crystal structure, forming a dimeric entity with a for-

mula of [Mo,0Og]*" consisting of two edge-connected square
pyramids. Several spectroscopic measurements were per-
formed on the title compound, such as infrared, Raman, and
diffuse reflectance spectroscopy. Furthermore, LazFMo,O4¢
was investigated for its capacity to work as host material for
doping with luminescent active cations, such as Ce3* or Pr3*,
Therefore, luminescence spectroscopic as well as EPR mea-
surements were performed with doped samples of the title
compound. Both the pure and the doped compounds can be
synthesized by fusing La,O3, LaF; and MoOj; (ratio 4:1:12;
ca. 1% CeF; and PrF; as dopant, respectively) in evacuated
silica ampoules at 850 °C for 7 d.

Introduction

The quest for energy efficient materials has become a
serious issue for saving this planet from global warming.
One major point hereby is low-energy illumination for al-
most every area in today’s life (e.g. ambient lighting, auto-
mobile and traffic lights, scintillation materials for detec-
tors, etc.). Thus, the interest in new luminescent materials
is constantly increasing, considering the rapid development
of efficient energy delivering technologies (e.g. new LEDs,
etc.). Luminescent materials usually consist of an innocent
(i.e. non-luminescent) host and a luminescence-active dop-
ant. Trivalent lanthanoid cations are a good choice as dop-
ants, although most of them (e.g. Eu**, Tb3*, etc.) obtain
their activity from spin-forbidden f-f transitions, which are
less efficient than the spin-permitted f-d transitions of Eu”*
for example. With an array of proper working dopants
at hand, finding a good host material is one of the major
challenges in the design of luminescent materials. Oxo-
molybdate derivatives of lanthanum and yttrium/ are usu-

[a] Institut fiir Anorganische Chemie, Universitdt Stuttgart,
Pfaffenwaldring 55, 70569 Stuttgart, Germany
Fax: +49-711-6855-4254
E-mail: hartenbach@jiac.uni-stuttgart.de

[b] Department of Chemistry, Colorado State University,
Fort Collins, 80523, CO, USA

[c] Department of Chemistry, Katholieke Universiteit Leuven,
3000 Leuven, Belgium

Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/¢jic.200901052.

1626

vvvvvvvvvvvvvvvvvvvvvv

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

ally very promising candidates for this task, because they
provide non-luminescent cations with a size comparable to,
and thus substitutable by other lanthanoid trications. A lot
of cationic oxomolybdate derivatives and their properties
have already been published (e.g. KLa[Mo0Oy],:Tb3* 2l Na-
La[MoOy4],:Tm3*,Bl etc.). They usually crystallize in a
scheelite-type structure! or one of its variations. A different
approach is chosen in this work, since the title compound
represents an anionic derivative of a rare-earth metal(111)
oxomolybdate(VI), not a cationic one. The insertion of a
halide anion is a facile way to synthesize derivatives with
new structures and interesting properties. The simplest for-
mula to achieve is REX[MoO,] (RE =Y, La-Nd, Sm-Lu;
X = F[131 CLIE-8 Brl)), The title compound La;FMo40,4
exhibits a new, fluorine-poorer composition, formally ac-
cording to LaF[M0Qy] X Las[M00,4]5,[' which is a promis-
ing host material for luminescence properties. Therefore, it
was doped with Ce’* (to synthesize a potential scintillator
material) and Pr3* cations (which provide luminescence
both in the red and green range, depending on the oxidation
state of praseodymium), which both have a similar size to
La’* cations and should thus be able to substitute them
very well. The major advantage of the title compound as
host material is the fact, that the doped cation has not to
be excited directly (usually in a very small energetic range),
but the excitation can also take place in the region of the
broad O-Mo charge-transfer band. Hence, oxomolybdate
units provide a so-called “inorganic antenna effect”.
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Results and Discussion

Crystal Structure

LasFMo40,4 crystallizes in the triclinic system with
space group Pl [a = 724.86(2) pm, b = 742.26(2) pm, ¢ =
1469.59(3) pm, a = 101.683(2)°, f = 102.118(2)°, y =
100.279(2)°] with two formula units per unit cell. In the
structure three crystallographically different La’* cations
can be distinguished, which are surrounded by one F~ and
eight O> anions each in the shape of distorted monocapped
square antiprisms (Figure 1, top left, top right, and bottom
left). The distances between La’* and F~ [d(La’**-F) =
243-250 pm] within these polyhedra are situated in the
same range as in the respective binary compound LaF;
[d(La**—F) = 242-264 pm].l'!] This is not true for the
La3*-0O? distances [d(La**—0?) = 242-299 pm], since they
exceed those of La,Os [d(La*"*—0%") = 237-245 pm]''? and
La,[MoQy]; [d(La*"-0?") = 244-259 pm]!'Y by about 16%.
Nonetheless, the oxide anions with the longer distances pro-
vide a small but not negligible contribution to the effective
coordination numbers ECoNI['3 of the lanthanum cations
[e.g. the longest distance (Lal)**—(05)> displays a share of
0.18 to the effective coordination number of 7.81 for Lal].
The fluoride anions are surrounded by each of the three
crystallographically independent La3* cations, forming a
triangle with the formula [FLas]®* in which the F~ anions
reside 24 pm above the triangular plane (Figure 1, bottom
right).

Figure 1. Anionic coordination environment around the (Lal)*,
top left, (La2)3*, top right, and (La3)3* cations, bottom left, as well
as the cationic surrounding of the F~ anions, bottom right, empha-
sizing the small displacement of the fluoride anions from the tri-
angular plane in the crystal structure of La;FMo040s.

Four crystallographically distinguishable oxomolybdate-
(VD) units are found in the crystal structure of the title com-
pound. While the polyhedra around Mol, Mo2, and Mo3
correspond to ortho-oxomolybdate entities [MoO,]>~ (Fig-
ure 2, top left, top right and middle), the fourth molybde-
num cation shows a coordination number of four plus one
in the shape of a distorted square pyramid. Two of these
[(M04)Oy44 ]+ units are fused together via one common
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edge to form a dimer [(Mo4),0Og]* with an inversion center
in the middle of the connecting edge (Figure 2, bottom).
The Mo®"~O? bond lengths range between 173 and 180 pm
plus a longer one between (Mo4)%* and (O15')> of 235 pm.
The shorter distances are in good agreement with those of
other oxomolybdates consisting of simpler tetrahedral
[MoO4)?* entities (e.g. La)[MoOyls: d(Mo®*-0%") = 173—
182 pm).['% Whenever the molybdate units show an en-
hancement of their coordination number from four to five
with one longer distance, the latter ranges in an interval
between 230 and 245 pm (e.g. Sm>,Mo050,, exhibits a long,
fifth Mo®"—O? distance of almost 242 pm and can there-
fore not be addressed as Sm,[MoQy]5).l'Y Thus, the ob-
served distance of 235 pm in the title compound is in good
agreement with related compounds. Although the contri-
bution of this fifth, longer bonding association to the effec-
tive coordination number (ECoN)I3 of (Mo4)e*
[6(ECON)pos 0150 = 0.014 to ECoNygos = 3.9604], as well
as to the valence state of Mo4 (bond valence contribution
of O15" = 0.332 to the valence sum of Mo4, amounts to
6.037)[15-171 is rather small, this distance cannot be ne-
glected, since the fifth ligand explains the deviation of the
remaining four short-bonded oxygen atoms from the ideal
tetrahedral arrangement (Table 1).

Figure 2. Cationic coordination environment around the [(Mol)-
O, top left, [(Mo02)O4>, top right, and [(Mo03)O,]> anions,
middle, as well as around the dimer [(Mo4),04]* of two edge-shared
quadrangular pyramids, bottom, emphasizing their arrangement at
the inversion center represented by the Wyckoff position 1g.

1627

www.eurjic.org



FULL PAPER

1. Hartenbach et al.

Table 1. Interatomic distances (d/pm, esd = *0.1) and selected
bond angles (£ /deg, esd = *0.1) for LasFMo40 .

dlpm dlpm dlpm
Lal - F 2430 La2-F 249.3 La3-F 250.2
Lal-0O10 2421  La2-03 2443 La3-06 2424
Lal-O14 2435  La2-Oll 244.4 La3-016 251.7
Lal-0O16 2517  La2-02 247.7 La3-07 25211
Lal-O4 253.6  La2-O4 247.7 La3-013 2525
Lal-09 256.5  La2-Ol 248.2 La3-012 2533
Lal-O8 269.5  La2-Ol2 255.0 La3-O15 2553
Lal-0O3 2822  La2-0O8 268.9 La3-O7  271.0
Lal-O5 299.5  La2-05 288.2 La3-08 2812
dlpm dlpm
Mol-O1 1735 Mo2-0O5 174.0
Mol-02 1738  Mo2-06 174.8
Mol-03 1781  Mo2-07 1779
Mol-04 180.1  Mo2-O8 179.0
Mo3-09 1741  Mo4-013 173.5
Mo3-010 1750  Mo4-014 173.5
Mo3-011 1750  Mo4-0O15 181.9
Mo3-012 1798  Mo4-016 1824
Mo4-015 234.1
Z/deg Z/deg
O1-Mol1-02 108.7  O5-Mo2-06 1142
0O1-Mol-03 1129  05Mo2-07 109.2
O1-Mol-04 111.1  O5Mo2-08 103.3
02-Mol-03 111.1 06-Mo02-O7 112.2
02-Mol-04 1148  O6-Mo2-0O8 1153
03-Mol-04 98.3 07-Mo2-08 101.6
09-Mo3-010 1127  Ol3-Mo4-O14 1052
09-Mo3-O11  110.7  O13-Mo4-O15  100.2
09-Mo3-012 1063 O13-Mo4-O15" 168.5
0O10-Mo3-O11  109.1  O13-Mo4-0O16  100.0
0O10-Mo3-012 1104  0O14-Mo4-O15 1129
Ol1-Mo03-012 107.6  O14-Mo4-O15" 86.3
Ol4-Mo4-016 1102
O15-Mo4-0O15" 739
O15-Mo4-016 1249

O15-Mo4-016 76.3

The crystal structure is best described using the complex
units [MoO4]>, [M0,Og]*, and [FLas]®* as building blocks.
The fluoride-centered triangles are spread two-dimension-
ally throughout the (100) plane, enclosing an angle of 36°
with it (Figure 3, top). The arrangement of the [FLa;]®*
units resembles a hexagonally close-packed layer, when
viewed along the a-axis, with the molybdate units spreading
in all three dimensions as anionic neighbors of the triangu-
lar complex cations [FLas]3* (Figure 3, bottom). The afore-
mentioned [(Mo4),05]* double-pyramids are arranged
around the inversion center at the lg Wyckoff position
(0, 1/2, 1/2). Hence, the formula can be written as [LasF],-
[M00O,4][M0,0g], emphasizing that the structure is built
completely of these complex units. Structures containing
oxomolybdate units can very often be compared to those
with analogous complex anions of the sixth and sixteenth
group (e.g. oxotungstates, oxosulfates, etc.), due to a similar
steric behavior and electronic charge. However, in case of
LasFMo4046, there is no compound with an analogous
composition RE;FM40,4 (RE = rare-earth metal trication,
M = group six or sixteen hexacation) known so far. Only
1628
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Figure 3. View at the crystal structure of La;FMo,40,4 along [010],
top, and [100], bottom, with special emphasis on the triangular
[FLas]®* units (dark grey triangles) and their two-dimensional, hex-
agonally close-packed arrangement parallel to the (100) plane.

Table 2. Motifs of mutual adjunction®” for La;FMo40 .

Lal La2 La3 Mol Mo2 Mo3 Mo4 CN
F 1/1 1/1 /1 0/0 0/0 0/0 0/0 3
01 0/0 1/1 0/0 1/1 0/0 0/0 0/0 2
02 0/0 1/1 0/0 1/1 0/0 0/0 0/0 2
03 1/1 1/1 0/0 1/1 0/0 0/0 0/0 3
04 1/1 1/1 0/0 1/1 0/0 0/0 0/0 3
05 1/1 1/1 0/0  0/0 1/1 0/0 0/0 3
06 0/0 0/0 /1 0/0 1/1 0/0 0/0 3
o7 0/0 0/0 2/2  0/0 1/1 0/0 0/0 3
08 1/1 1/1 /1 0/0 1/1 0/0 0/0 4
09 1/1 0/0 0/0  0/0 0/0 1/1 0/0 2
o10 171 0/0 0/0  0/0 0/0 1/1 0/0 2
o11  0/0 1/1 0/0  0/0 0/0 1/1 0/0 2
o012 0/0 1/1 /1 0/0 0/0 1/1 0/0 3
o13 0/0 0/0 /1 0/0 0/0 0/0 1/1 2
o14 11 0/0 0/0  0/0 0/0 0/0 1/1 2
o15 0/0 0/0 /1 0/0 0/0 0/0 1+1/1+1  2+1
ol16 1/1 0/0 /1 0/0 0/0 0/0 1/1 3

CN 9 9 9 4 4 4 4+1

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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the oxoselenates(IV) with the formula RE;F[SeOs]; (RE =
Pr, Nd, Sm-Ho)!!82!l can be compared to the title com-
pound, solely by the fact that these consist of [FRE;]®* tri-
angles (similar to the [FLas]®* units in LasFMo40,6) and
y!-tetrahedral [SeOs]* units with about the same steric de-
mand as the genuine tetrahedral [MoO4]>~ entities. How-
ever, the structural arrangement of the aforementioned
building blocks in the RE;F[SeOs]4-type phases is com-
pletely different (Table 2).

Infrared and Raman Spectroscopy

Both the infrared and the Raman spectra of LajF-
Mo40,6 were taken from finely powdered samples of the
bulk substance. The infrared spectrum of the title com-
pound (Figure 4, top) shows a weak but broad band at
1100 cm™!, corresponding to the antisymmetric stretching
vibration of B-cristobalite type SiO,,?? thus, a small impu-
rity of silicon dioxide is assumed to be present in all our
samples (as one might expect from the synthesis within sil-
ica ampoules), which is also confirmed by X-ray powder
diffraction data. It was also observed in the vibrational
spectra of the fluoride oxomolybdates of the smaller lantha-
nides REF[MoO,4] (RE = Sm — Tm),’] where the same
bands, only of stronger intensities, were observed as well.
The stretching vibrations of tetrahedral [MoO,4]*>~ anions
are usually found in the energy range between 760 and
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Figure 4. Infrared, top, and Raman spectrum, bottom, of solid
La3FM04016.
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980 cm™!, which can clearly be seen in both spectra.
Furthermore, the Raman spectrum allows one to distin-
guish between the more intense symmetric stretching vi-
bration,?>?* which can be found at higher energies (900—
980 cm™'), and the less intense modes at smaller wave-
numbers (760-880 cm™!) resulting from the antisymmetric
stretching of the oxomolybdate(VI) tetrahedra. The defor-
mation vibrations of molybdate units are generally situated
between 200 and 400 cm™!; however, in this range La—O and
La—F stretching modes are also found, thus, an explicit as-
signment of the bands below 400 cm™! is hardly possible.
The same is probably true for the stretching vibration of
the long Mo4-O15" “bond”. The latter can not necessarily
be considered covalent but rather ionic. Therefore its force
constant should be situated in the area of other interactions
driven by Coulomb force, like those between La’" cations
and F/O? anions.

Luminescence Spectroscopy

The luminescence spectrum of La;FMo040,4:Pr3* was de-
termined from the solid state and is shown in Figure 5 (top).
The compound exhibits orange-red luminescence under UV
irradiation. The luminescence spectrum of LasFMoy-
O,6:Pr3* presents the typical transitions for praseodymium
with the three dominant energy bands P, — 3H, at
16570 cm™' (602 nm), Py, — *H, at 20520 cm™' (487 nm),
and 3P, — 3F, at 15434 cm™! (647 nm). Besides those, the
transitions of 3P, — 3Hs at 18853 cm™' (531 nm), ’P, —
3F; at 14400 cm™! (694 nm), and 3P, — 3F, at 13677 cm™!
(731 nm) can be observed. The luminescence decay of the
3P, excited state [monitored via the 3P, — Hj transition at
16570 cm™! (602 nm), upon excitation into the 3P, level at
22464 cm™! (447 nm)] was found to be single exponential
and the radiative lifetime can thus be determined to 36 ps.
The excitation spectrum [performed by monitoring the 3P,
— 3Hg emission at 16570 cm™' (602 nm), see Figure 5, bot-
tom] exhibits a broad band besides the typical finely-re-
solved f-f transition lines of praseodymium (°P, < *H,,
3Py, I <= 3Hy, 3Py < 3Hy).

The broad band between 250 and 340 nm can be attrib-
uted mainly to the O — Mo ligand-to-metal charge transfer
(LMCT) transition. Excitation at 290 nm into this charge-
transfer band results in an emission spectrum, which does
not show significant differences to the excitation at 447 nm.
Therefore, there is the distinct possibility to use this wide
range for excitation, the so-called “inorganic antenna ef-
fect”. Although this effect is observed in this system, the
efficiency is low, which can be deduced from the fact, that
the f—f transitions of Pr3* are clearly visible in the excitation
spectrum. In case of a high efficiency only an intense
charge-transfer band would be visible and the f-f transi-
tions were weak and hard to detect. The explanation for
the low efficiency antenna effect lies within an energetic
mismatch between the LMCT band and the *F, levels of
Pr3*. With the exception of the 'S, state at very high energy
(> 50000 cm™!) there are no energy levels above the P,
1629
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Figure 5. Emission (A = 447 nm), fop, and excitation spectrum
(Aem = 602 nm), bottom, with special emphasis on the broad band
at about 300 nm in the latter, representing the O — Mo ligand-to-
metal charge transfer (LMCT) transitions of the oxomolybdate(VI)
units.

state, which is situated at much lower energy than the
charge-transfer state. La;FMo040,4:Ce’" was also investi-
gated, with the idea of using this compound as a potential
new material in scintillation detectors; unfortunately, no
such properties were detected. Two possible explanations
can be given for the optical silence of the Ce**-doped sub-
stance. First, Ce3* cations were not really inserted into the
structure, a hypothesis that was disproved by EPR spec-
troscopy (see next section). Therefore, the second explana-
tion seems to be the correct one, which proclaims that the
LMCT bands of the oxomolybdate(IV) units are situated
below the emitting level of Ce3*.

Electron Paramagnetic Resonance Spectroscopy

The EPR spectra of the Ce**- and Pr3*-doped title com-
pound were recorded in the solid state at 4 K. The spectra
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of both compounds show a large splitting of the g-compo-
nents (Figure 6). LazFMo040,4:Ce** exhibits the following
anisotropic g-values: g; = 5.56, g, = 1.88, g3 = 1.16 (Ag =
4.40, giso = 2.87), while those of La;FMo40,4:Pr’* yield g,
=544, g, = 1.21 and g3 = 0.85 (Ag = 4.59, gis, = 2.50).
The unpaired electrons of both substances occupy f-orbitals
which are apparently not influenced by any ligand field, and
hence remain degenerated. This behaviour is very common,
since the f-orbitals are situated close to the atomic core and
therefore are not affected by the ligand-field, which is con-
trary to the observations for d-orbitals. Such a degenerate
situation obviously leads to the large g-anisotropy and
average g-values for both Las;FMo40,6:Ce** and
Las;FMo0,40,4:Pr3*. The expected hyperfine coupling to the
nuclear spin of Pr3* could not be resolved. This is probably
due to line broadening in the powder form arising out of
dipolar interactions.

/
A M\W

6000

4000
B [G]

i MW

0 2000 4000 6000 8000 10000
B [G]

0 2000

Figure 6. EPR spectrum of LasFMo40,45:Ce’*, rop, and

La3sFMo40,6:Pr3* bottom.

Conclusions

The new lanthanum(IIl) fluoride oxomolybdate(VI)
La;FMo40,4 was synthesized as bulk compound, as well as
being doped with Ce** and Pr3* cations, by means of solid-
state reactions from admixtures of La,0;, LaF;, and
MoOs. Its crystal structure was determined by single-crys-
tal X-ray structure analysis and X-ray powder diffraction
was performed to investigate the phase purity. Three main
building blocks, [M0O4* and [Mo0,Og]* anions as well as
[FLas]®* cations, were identified as key building units in the
crystal structure. Several spectroscopy methods were used
to probe the properties of finely powdered samples compris-
ing both the bulk and the two doped substances. As one
result, LasFMo40;4 appears to be a suitable host material
for luminescence applications, in providing an “inorganic
antenna effect”, owing to the charge transfer transitions
within the oxomolybdate(VI) units.

Eur. J. Inorg. Chem. 2010, 1626-1632
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Experimental Section

Synthesis: La;FMo40,4 was obtained by the reaction of a mixture
of lanthanum trifluoride (LaF5: 99.9%; ChemPur, Karlsruhe, Ger-
many), lanthanum sesquioxide (La,Ojz: 99.9%; ChemPur,
Karlsruhe, Germany) and molybdenum trioxide (MoOs: p. a. qual-
ity; Merck, Darmstadt, Germany) with the three components in
the molar ratio of 1:4:12 in evacuated silica ampoules for seven
days at 850 °C according to the equation below.

LaF3 + 4 La203 + 12 MOO3 — 3 LagFMO4016

From this reaction, transparent, colorless, bulky single crystals
emerged, which remained stable in air and water. To synthesize
doped compounds, about 1% of CeF; or PrFs, respectively, was
added to the initial reaction mixture, replacing adequate amounts
of LaF3. Although, lanthanum trifluoride is notorious for attack-
ing the wall of silica containers, the contamination of the bulk sub-
stance with SiO, or binary silicates is extremely small, according
to infrared spectroscopy and cannot be detected with X-ray powder
diffractometry.

X-ray Crystallography: The X-ray powder diffraction pattern was
measured with a Stoe STADI P diffractometer with a position-
sensitive detector using germanium-monochromatized Cu-K, radi-
ation (4 = 154.06 pm). The powder diffractogram of La;FMo,40,,
together with the corresponding theoretical powder pattern calcu-
lated from the single-crystal data, was deposited as supplementary
material. Intensity data sets for single crystals of La;FMo40,¢ were
collected with a Nonius Kappa-CCD diffractometer using graph-
ite-monochromatized Mo-K, radiation (wavelength: 2 = 71.07 pm).
Numerical absorption correction was performed with the help of
the program HABITUS.!*’! The structure solution and refinement
was carried out by using the program package SHELX-97.126] In-
teratomic distances and selected bond angles are listed in Table 1,
and motifs of mutual adjunction?” are displayed in Table 2. Details
of the data collection and the structure refinement®! are summa-
rized in Table 3, atomic positions and coefficients of the isotropic
thermal displacement parameters?>”! are given in Table 4.

Further details on the crystal structure investigation may be ob-
tained from the Fachinformationszentrum Karlsruhe, 76344
Eggenstein-Leopoldshafen, Germany (Fax: +49-7247-808-666;
E-mail: crysdata@fiz-karlsruhe.de), on quoting the depository
number CSD-419255 for La;FMo40 .

IR Spectroscopy: The infrared spectrum of La;FMo40,4 was taken
with a Nicolet 6700 FT-IR spectrometer equipped with an ATR
unit using a diamond crystal, measuring the reflectance from the
powdered samples.

Raman Spectroscopy: The bulk solid-state Raman spectrum of
Las;FMo40,¢ was recorded with a Nicolet Magna-IR 760 spec-
trometer with a FT-Raman Module attachment by use of a
Nd:YAG excitation laser (wavelength: 4 = 1064 nm).

UVIVis Spectroscopy: The diffuse reflectance spectrum for LasF-
Mo,0;6 has been recorded with a Varian Cary 500 Scan UV/Vis/
NIR spectrophotometer equipped with a Praying Mantis accessory.
A polytetrafluoroethylene standard was used as reference and the
Kubelka—-Munk function was applied to obtain band-gap infor-
mation.’] The band gap of La;FMo,0;s was calculated to be
3.70 eV (335.5nm). Hence, the absorption is situated in the UV
range and the substance appears to be white.

Luminescence  Spectroscopy: Photoluminescence spectra  of
La;FMo40,6:Ce*" and La;FMo40,4:Pr?* in the visible region were
taken at room temperature with an Edinburgh Instruments FS900
spectrofluorimeter. This instrument is equipped with a xenon arc-
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Table 3. Crystallographic data for the La;FMo040s.
La3FMO4016

triclinic, Z = 2

Crystal system, formula units

Space group Pl

Lattice parameters

alpm 724.86(2)
blpm 742.26(2)
¢/pm 1469.59(3)
aldeg 101.683(2)
pldeg 102.118(2)
yldeg 100.276(2)
Calculated density, D,/gcm™3 4.849
Molar volume, V,,/cm3mol™! 221.80
F(000) 952

Index range, *h / *k/ =l 9791719
Theta range, 0,,in—Omax/deg 2.88-28.28
Absorption coefficient, g/mm™' 11.88

Data corrections background, polarization and
Lorentz factors;

numerical absorption correction
with HABITUS?!

Reflections, collected / unique 16834 / 3619

Rini ! R 0.084 /7 0.049
Structure solution and refine-  program package SHELX-
ment 97,26 scattering factors

according to International
Tables, vol. C[28]
R, for (#) reflections with 0.024 (3157)

|Fo| =40 (F,)

R; | wR, for all reflections 0.032/0.053
Goodness of Fit (GooF) 1.034
Extinction, g 0.0034(1)
Residual electron density,

ple=107° pm 3, min. / max. 1.00 / -1.41

Table 4. Atomic coordinates and equivalent isotropic thermal dis-
placement parameters Ug?! for LasFMo4O;4 (all atoms at
Wyckoff position 2i).

xla yIb zle U,,/pm?

Lal 0.37266(4) 0.42349(4) 0.26080(2) 74(1)

La2 0.34196(4) 0.84605(4) 0.12265(2) 64(1)

La3 0.67308(4) 0.05017(4) 0.39467(2) 64(1)

F 0.4993(4)  0.2467(4)  0.7319Q2)  120(6)
Mol  0.23833(6)  0.27302(6)  0.01060(3)  64(1)

Mo2  0.16872(6)  0.90345(6)  0.33025(3)  73(1)

Mo3  0.77360(6)  0.24869(6)  0.17182(3)  72(1)

Mo4  0.20561(6)  0.42508(6)  0.51414(3)  64(1)

ol 0.4000(5)  0.2786(5)  0.9387(3)  158(9)
02 0.0066(5)  0.1653(5)  0.9380(3)  170(8)
03 0.2453(5)  0.5010(5)  0.0808(3)  153(8)
04 03167(5)  0.1679(5)  0.1079(3)  114(7)
05 0.1152(6)  0.6946(6)  0.2408(3)  209(9)
06 0.0346(5)  0.0303(6)  0.6395(3)  180(8)
07 0.3413(5)  0.8866(5)  0.4321(3)  134(8)
08 03124(5)  0.0694(5)  0.2851(3)  121(7)
09 0.6817(5) 0.4481(5) 0.2008(3) 164(8)
010 0.0258(5) 0.2950(5) 0.2150(3) 189(9)
Ol11 0.7106(6) 0.1548(6) 0.0473(3) 210(9)
012 0.6573(5) 0.0756(5) 0.2240(3) 117(7)
013 0.3018(5) 0.2401(5) 0.5432(3) 194(9)
014 0.2625(5)  0.4474(6)  0.4074(3)  179(8)
015 0.9492(5)  0.3265(5)  0.4982(3)  137(8)
016 0.6440(5)  0.3798(5)  0.3866(3)  137(8)

[a] Ueq is defined as the 1/3 of the trace of the orthogonalized Uj
tensor.
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lamp, a microsecond flashlamp (pulse length: 2 ps) and a red-sensi-
tive photomultiplier (300-850 nm).

EPR Spectroscopy: EPR spectra in the X band were recorded with
a Bruker System EMX connected to a Oxford ITC 4 temperature
controller.

Supporting Information (see also the footnote on the first page of
this article): Diffuse reflectance spectrum, experimental and theo-
retical powder diffractogram of Laz;FMo40 .
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