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The rare-earth fluoride borate LaB2O4F was synthesized under high-pressure/high-temperature
conditions of 1.1 GPa and 1300 ◦C in a Walker-type multianvil apparatus from lanthanum oxide, lan-
thanum fluoride, and boron oxide. The single-crystal structure determination revealed that LaB2O4F
is isotypic to CeB2O4F. The compound crystallizes in the orthorhombic space group Pbca (no. 61)
with eight formula units and the lattice parameters a = 8.2493(9), b = 12.6464(6), c = 7.3301(5) Å,
V = 764.7(2) Å3, R1 = 0.0354, and wR2 = 0.0474 (all data). The structure exhibits a 9+1 coordi-
nated lanthanum cation, one threefold coordinated fluoride ion and a chain of corner-sharing [BO3]3−

groups. In addition to the IR- and Raman-spectroscopic investigations, DFT calculations were per-
formed to support the assignment of the vibrational bands.
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Introduction

In the past, our research using the multianvil high-
pressure technique provided us with a variety of new
borates with fascinating structures [1]. More recently
we extended our interests into the field of rare-earth
fluoride and fluorido borates. The difference between
these two classes of compounds concerns the differ-
ent chemical bonding situation of the fluorine atoms.
Fluoride borates possess fluoride anions while in fluo-
rido borates the fluorine atoms are covalently bonded
to a boron atom (old designation: fluoroborate). In-
terestingly, no fluorido borate could be synthesized
under high-pressure conditions up to now. Due to
the high flexibility of the BO3 and BO4 groups to
form structures with isolated BO3 and BO4 groups,
discrete groups (e. g. [B3O6]3−), chains, layers, or
complicated networks via the linkage of the corners
of the groups or via edge-sharing of BO4 tetrahe-
dra, it is more than likely that a large number of
new compounds with interesting properties can be
expected in the future. At the beginning of our re-

search in the field of fluoride borates, the system RE-
B-O-F was only represented by the rare-earth fluoride
borates RE3(BO3)2F3(RE = Sm, Eu, Gd) [2, 3] and
Gd2(BO3)F3 [4]. These compounds were synthesized
under ambient-pressure conditions by heating stoichio-
metric mixtures of RE2O3, B2O3 and REF3. A closer
look into the class of rare-earth fluoride borates shows
various compounds for the rare-earth cations Pr3+–
Nd3+ and Sm3+–Yb3+. In contrast, the rare-earth
cations La3+ and Ce3+ are represented in each case
by only a single compound namely La4B4O11F2 [5]
and CeB2O4F [6], respectively. In fact, a lutetium flu-
oride borate is unknown up to now. For this reason,
we focused our research on rare-earth fluoride borates
with the cations La3+, Ce3+, and Lu3+. In this work,
we report on the high-pressure/high-temperature syn-
thesis of LaB2O4F, wherewith we discovered the first
isotypic compound of the recently published cerium
fluoride borate CeB2O4F [6]. Because of the rela-
tively mild pressure conditions, all boron atoms of the
compound LaB2O4F are coordinated by three oxygen
atoms, forming trigonal-planar [BO3]3− groups, which
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are connected to chains. In the following, we describe
the synthesis, the single-crystal structure determina-
tion, and Raman-, and IR-spectroscopic investigations
of LaB2O4F as well as quantum-chemical calculations
of harmonic vibrational frequencies.

Experimental Section

Synthesis

The new lanthanum fluoride borate LaB2O4F was synthe-
sized from a stoichiometric mixture of La2O3, B2O3, and
LaF3 (all chemicals from Strem Chemicals, Newburyport,
USA 99.9+%) according to Eq. 1.

1.1 GPa, 1300 ◦C−−−−−−−−−−→La2O3 + 3 B2O3 + LaF3 3 LaB2O4F
(1)

The starting materials were finely ground and filled into
a boron nitride crucible (Henze BNP GmbH, HeBoSint®

S100, Kempten, Germany). The boron nitride crucible was
placed into an 18/11-assembly and compressed by eight
tungsten carbide cubes (TSM-10, Ceratizit, Reutte, Aus-
tria). To apply the pressure, a 1000 t multianvil press with
a Walker-type module (both devices from the company
Voggenreiter, Mainleus, Germany) was used. A detailed
description of the assembly preparation can be found in
refs. [7 – 11]. In detail, the 18/11 assembly was compressed
up to 1.1 GPa in 35 min and heated to 1300 ◦C (cylindri-
cal graphite furnace) in the following 10 min, kept there
for 8 min and cooled down to 450 ◦C in 20 min at con-
stant pressure. After natural cooling down to room temper-
ature by switching off the heating, a decompression period

Fig. 1 (color online). Ex-
perimental powder pattern
(top) of LaB2O4F, com-
pared with the theoreti-
cal powder pattern (bot-
tom) simulated from single-
crystal data.

of two hours was required. The recovered MgO octahedron
(pressure transmitting medium, Ceramic Substrates & Com-
ponents Ltd., Newport, Isle of Wight, UK) was broken apart,
and the sample was carefully separated from the surround-
ing graphite and boron nitride crucible. The new compound
LaB2O4F was gained in the form of colorless, air- and water-
resistant crystals.

All efforts to synthesize LaB2O4F under ambient pres-
sure conditions were in vain. The high-temperature synthe-
ses were performed in boron nitride crucibles (Henze BNP
GmbH, HeBoSint® S100, Kempten, Germany) which were
placed into silica glass tubes. These assemblies were heated
under ambient pressure conditions in a tube furnace from the
company Carbolite.

Crystal structure analysis

The powder diffraction pattern was obtained in transmis-
sion geometry, using a Stoe Stadi P powder diffractome-
ter with Ge(111)-monochromatized MoKα1 (λ = 70.93 pm)
radiation. Fig. 1 shows the experimental powder pattern
of LaB2O4F that matches well with the theoretical pat-
tern simulated from the single-crystal data. Small sin-
gle crystals of LaB2O4F were isolated by mechanical
fragmentation. The single-crystal intensity data were col-
lected at room temperature using a Nonius Kappa-CCD
diffractometer with graphite-monochromatized MoKα ra-
diation (λ = 71.073 pm). A semiempirical absorption cor-
rection based on equivalent and redundant intensities
(SCALEPACK [12]) was applied to the intensity data. All rel-
evant details of the data collection and evaluation are listed
in Table 1. According to the systematic extinctions, the or-
thorhombic space group Pbca was derived. Due to the fact
that LaB2O4F is isotypic to CeB2O4F [6], the structural
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Empirical formula LaB2O4F
Molar mass, g·mol−1 243.53
Crystal system orthorhombic
Space group Pbca (no. 61)
Lattice parameters from powder data
Powder diffractometer Stoe Stadi P
Radiation MoKα1 (λ = 70.93 pm)
a, Å 8.2483(7)
b, Å 12.6466(8)
c, Å 7.330(2)
V , Å3 764.6(2)
Single crystal data
Single crystal diffractometer Enraf-Nonius Kappa CCD
Radiation MoKα (λ = 71.073 pm) (graded multilayer X-ray)
Crystal size, mm3 0.007× 0.004× 0.003
a, Å 8.2493(9)
b, Å 12.6464(6)
c, Å 7.3301(5)
V , Å3 764.7(2)
Formula units per cell 8
Calculated density, g·cm−3 4.23
Temperature, K 293(2)
Absorption coefficient, mm−1 11.1
F(000), e 864
θ range, deg 3.2–30.0
Range in hkl ±11,± 17, ±10
Total no. of reflections 8136
Independent reflections / Rint 1119 / 0.0410
Reflections with I > 2 σ(I) / Rσ 952 / 0.0198
Data / ref. parameters 1194 / 74
Absorption correction multi-scan (SCALEPACK [12])
Goodness-of-fit on F2

i 1.196
Final R1 / wR2 [I > 2 σ(I)] 0.0268 / 0.0474
R1 / wR2 (all data) 0.0354 / 0.0499
Largest diff. peak / hole, e·Å−3 1.27 / –0.65

Table 1. Crystal data and
structure refinement of
LaB2O4F (space group:
Pbca) with standard devia-
tions in parentheses where
available.

Atom x y z Ueq

La1 0.11384(2) 0.47658(2) 0.25238(3) 0.00624(9)
F1 0.1342(3) 0.0491(2) 0.4312(3) 0.0127(5)
B1 0.1593(5) 0.1723(3) 0.1544(6) 0.0078(8)
B2 0.4104(5) 0.2711(3) 0.2383(6) 0.0088(7)
O1 0.1029(3) 0.0859(2) 0.0746(4) 0.0100(5)
O2 0.3263(3) 0.1792(2) 0.1912(4) 0.0113(5)
O3 0.0707(3) 0.2595(2) 0.2074(4) 0.0138(6)
O4 0.3573(3) 0.3696(2) 0.2266(4) 0.0119(6)

Table 2. Atomic coordinates and equivalent isotropic dis-
placement parameters Ueq (Å2) of LaB2O4F (space group:
Pbca). All atoms are positioned on the Wyckoff site 8c. Ueq
is defined as one third of the trace of the orthogonalized Uij
tensor (standard deviations in parentheses).

Atom U11 U22 U33 U23 U13 U12

La1 0.0060(2) 0.0068(2) 0.0059(2) 0.00023(9) −0.00009(8) 0.00043(6)
F1 0.014(2) 0.016(2) 0.008(2) −0.001(2) −0.0008(8) 0.0001(8)
B1 0.009(2) 0.006(2) 0.009(2) 0.003(2) 0.003(2) 0.001(2)
B2 0.005(2) 0.008(2) 0.014(2) 0.002(2) 0.000(2) −0.001(2)
O1 0.013(2) 0.008(2) 0.009(2) −0.002(2) 0.002(2) −0.003(2)
O2 0.006(2) 0.008(2) 0.020(2) −0.002(2) −0.002(2) −0.001(2)
O3 0.006(2) 0.008(2) 0.028(2) −0.003(2) 0.004 (2) 0.000(2)
O4 0.008(2) 0.008(2) 0.019(2) 0.000(2) 0.000(2) 0.0008(9)

Table 3. Anisotropic dis-
placement parameters (Uij
in Å2) for LaB2O4F (space
group: Pbca).
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La1–F1a 238.2(2) B1–O1 132.3(5) F1– La1a 238.2(2)
La1–O4a 242.9(3) B1–O3 137.9(5) F1– La1b 261.5(2)
La1–O1a 249.2(3) B1–O2 140.7(5) F1– La1c 262.3(2)
La1–O4b 251.7(3) Ø = 137.0 Ø = 254.0
La1–O1b 259.2(3)
La1–F1b 261.5(2) B2–O4 132.2(5)
La1–F1c 262.3(2) B2–O3 138.8(5)
La1–O2 264.8(3) B2–O2 139.7(5)
La1–O3 278.8(3) Ø = 136.9
La1–O1c 301.2(3)

Ø = 261.0

Table 4. Interatomic dis-
tances (pm) in LaB2O4F
(space group: Pbca) calcu-
lated with the single-crystal
lattice parameters.

O1–B1–O3 126.7(4) O4–B2–O3 115.7(3) La1a–F1–La1b 113.94(9)
O1–B1–O2 118.7(3) O4–B2–O2 127.1(3) La1a–F1–La1c 120.14(9)
O3–B1–O2 114.6(3) O3–B1–O2 117.1(3) La1b–F1–La1c 103.91(8)

Ø = 120.0 Ø = 119.9 Ø = 112.7

Table 5. Interatomic angles
(deg) in LaB2O4F (space
group: Pbca), calculated
with the single-crystal lat-
tice parameters.

refinement was performed by taking the positional param-
eters of CeB2O4F as starting values [SHELXL-97 [13, 14]
(full-matrix least-squares on F2)]. All atoms were refined
with anisotropic displacement parameters. The final differ-
ence Fourier syntheses did not reveal any significant peaks
in the refinement. Tables 2–5 list the positional parameters,
anisotropic displacement parameters, and interatomic dis-
tances.

Further details of the crystal structure investigation may
be obtained from the Fachinformationszentrum Karlsruhe,
D-76344 Eggenstein-Leopoldshafen, Germany (fax: +49-
7247-808-666; E-mail: crysdata@fiz-karlsruhe.de, http://
www.fiz-informationsdienste.de/en/DB/icsd/depot anforde-
rung.html) on quoting the deposition number CSD-426339.

Vibrational spectra

The FTIR-ATR (Attenuated T otal Reflection) spec-
tra of powders were measured with a Bruker Alpha-P
spectrometer with a diamond ATR crystal (2× 2 mm2),
equipped with a DTGS detector in the spectral range of
400 – 4000 cm−1(spectral resolution 4 cm−1). 24 scans of the
sample were acquired. A correction for atmospheric influ-
ences using the Opus 7.0 software was performed.

The single-crystal Raman spectra of LaB2O4F were
measured in the spectral range of 50 – 4000 cm−1 with
a Raman micro-spectrometer LabRAM HR-800 (HORIBA
Jobin Yvon GmbH, Bensheim, Germany) and hundredfold
magnification. The samples were excited using the 532 nm
emission line of a frequency-doubled 100 mW Nd:YAG laser
and the 633 nm mission line of a 17 mW helium neon laser
under an Olympus 50× objective lens. The size of the laser
spot on the surface was approximately 1 µm. The scattered
light was dispersed by an optical grating with 1800 lines
mm−1 and collected by a 1024× 256 open electrode CCD
detector. The spectral resolution determined by measuring
the Rayleigh line was less than 2 cm−1. The spectra were

recorded unpolarized. The accuracy of the Raman line shifts,
calibrated by regularly measuring the Rayleigh line, was in
the order of 0.5 cm−1. Background and Raman bands were
fitted by the built-in spectrometer software LabSpec to sec-
ond order polynomial and convoluted Gaussian-Lorentzian
functions, respectively.

DFT calculations

In addition to the experimentally recorded IR spectrum,
quantum-chemical computations of harmonic vibrational
frequencies were performed using the CRYSTAL09 pro-
gram [15 – 17]. An important step of a quantum-mechanical
calculation of frequencies is the choice of adequate basis sets.
A compromise has to be found balancing computational ef-
fort and accuracy of the results. To reduce the computational
effort, a basis set with an effective core potential (ECP) for
the lanthanum atom was chosen. A suitable basis set for the
rare-earth atom was identified based on geometry optimiza-
tions of LaB2O4F. All-electron basis sets were employed
for all boron [18] and oxygen [19] atoms. Out of these re-
sults of geometry optimizations of LaB2O4F, the well-tested
ECP46MWB GUESS [20, 21] basis set was chosen for the
lanthanum atom. All calculations were performed with the
PBESOL functional [22] for the correlation- and exchange-
functional, and the SCF convergence for the energy was set to
10−12 Eh. The overall computation time for the calculations
of harmonic vibrational frequencies of LaB2O4F took five
weeks on a cluster with 12 Intel Xeon CPU X5670 2.93 GHz
processors.

Results and Discussion

Crystal structure of LaB2O4F

The new rare-earth fluoride borate LaB2O4F crys-
tallizes in the orthorhombic space group Pbca (no. 61)

mailto:crysdata@fiz-karlsruhe.de,
http://www.fiz-informationsdienste.de/en/DB/icsd/depot_anforderung.html
http://www.fiz-informationsdienste.de/en/DB/icsd/depot_anforderung.html
http://www.fiz-informationsdienste.de/en/DB/icsd/depot_anforderung.html
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Fig. 2 (color online). Crystal structure of LaB2O4F (space
group: Pbca), showing chains of linked BO3 groups along
a.

with eight formula units per unit cell. The structure
is composed of chains of corner-sharing triangular
[BO3]3− groups, 9+1 coordinated lanthanum cations,
and threefold coordinated fluoride anions. Fig. 2 shows
the crystal structure of LaB2O4F with its infinite chains
of linked BO3 groups along a. The structural motif
of infinite chains of linked [BO3]3− groups consists
of two crystallographically different BO3 groups (∆),
which can be described with the fundamental building
block 1∆:∆ (after Burns et al. [23]). In the structural
chemistry of borates, this structural motif is relatively
rare. Beside the isotypic compound CeB2O4F [6], only
CaB2O4 [24, 25], SrB2O4 [26], and the alkali metal bo-
rate α-LiBO2 [27 – 29] contain this fundamental build-
ing block. The linkage of the trigonal-planar [BO3]3−

groups to infinite chains occurs by the oxygen atoms
O2 and O3. The boron-oxygen distances inside the
BO3 units are between 132.3(5) and 140.7(5) pm with
a mean value of 137.0 pm for B1 and between 132.2(5)
and 139.7(5) pm with a mean value of 136.9 pm for
the atom B2. These values fit very well with the aver-
age boron-oxygen distance of 137 pm inside trigonal-
planar [BO3]3− groups [30 – 32]. The mean O–B–O
angles of 120.0◦ and 119.9◦ for B1 and B2 have ex-
actly the value expected for angles in trigonal-planar
units. Fig. 3 displays the coordination sphere of the
lanthanum cation in the structure of LaB2O4F, which is
coordinated by seven oxygen and three fluoride atoms,
forming a 9+1 coordination. The interatomic La–O/F

Fig. 3 (color online). The La3+ ion in LaB2O4F is sur-
rounded by three fluoride and seven oxide anions.

distances are between 238.2(2) and 301.2(3) pm with
a mean value of 261.0 pm. The fluoride anion is co-
ordinated by three lanthanum cations with distances
between 238.2(2) and 262.3(2) pm with a mean value
of 254.0 pm. Tables 4 and 5 show the interatomic dis-
tances of LaB2O4F. For a detailed description of the
structure, the reader is referred to the paper of the iso-
typic compound CeB2O4F [6]. In this work, we briefly
compare the isotypic phases REB2O4F (RE = La, Ce)
and the results of the DFT calculation.

The bond-valence sums of LaB2O4F were calcu-
lated from the crystal structure for all ions, using the
bond-length/bond-strength concept (ΣV ) [33, 34] and
the CHARDI concept (charge distribution in solids,
ΣQ) [35]. The results of these calculations are listed in
Table 6 and correspond well with the expected values
of the formal ionic charges.

Furthermore, the MAPLE values (MAdelung Part
of Lattice Energy) [36 – 38] of LaB2O4F were cal-
culated to compare them with the MAPLE val-
ues received from the summation of the binary
components La2O3 [39], LaF3 [40], and the high-
pressure modification B2O3-II [41]. The value of
28 549 kJ mol−1 was obtained in comparison to
28 451 kJ mol−1 (deviation = 0.3%), starting from the
binary oxides [1/3·La2O3 (14 234 kJ mol−1)+ 1/3·LaF3
(5306 kJ mol−1)+ B2O3-II (21 938 kJ mol−1)].

Due to their isotypy, there is no large difference in
the structures of LaB2O4F and CeB2O4F. Table 7 com-
pares the unit cells, the coordination numbers of the
rare-earth metal ions, and the bond lengths. A closer
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Table 6. Charge distribution in LaB2O4F (space group: Pbca), calculated with the bond-length/bond-strength (∑V ) and the
Chardi (∑Q) concept.

La1 B1 B2 O1 O2 O3 O4 F1

∑V +3.06 +3.02 +3.03 −1.98 −2.12 −2.12 −2.03 −0.85
∑Q +2.98 +3.03 +2.99 −1.95 −1.97 −2.03 −2.01 −1.04

Empirical formula LaB2O4F CeB2O4F
Molar mass, g mol−1 243.53 244.74
Unit cell dimensions
a, Å 8.2493(9) 8.2163(5)
b, Å 12.6464(6) 12.5750(9)
c, Å 7.3301(5) 7.2671(6)
V , Å3 764.7(2) 750.84(9)
Coordination number (CN)
RE1 (RE = La, Ce) 10 10
av. RE1–O/F (RE = La, Ce) distance, pm 261.0 259.3
av. B–O distance in [B(1)O3]3−, pm 137.0 137.1
av. B–O distance in [B(2)O3]3−, pm 136.9 136.9

Table 7. Comparison of
the isotypic structures
REB2O4F (RE = La, Ce).

look at the lattice parameters a, b, and c reveals the typ-
ical rise due to the higher ionic radius of La3+, which
is based on the lanthanoide contraction. Due to the fact
that the size difference is marginally, no greater de-
viances of the bond lengths and angles are observed.

Vibrational spectroscopy

The spectrum of the FTIR-ATR measurement of
LaB2O4F is displayed in Fig. 4. The assignments of
the vibrational modes are based on a comparison with
the experimental data of borates containing trigonal
[BO3]3− groups [42 – 46] and on quantum-mechanical
calculations. For borates in general, absorption bands
at 1200 – 1450 cm−1 and between 600 and 800 cm−1

are expected for [BO3]3− groups. In the FTIR spec-
trum of the new lanthanum fluoride borate, these

Fig. 4 (color online). FT-IR reflectance spec-
trum of a single crystal of LaB2O4F (black)
and calculated vibrational bands (red lines).

modes are detected between 1100 and 1450 cm−1 and
between 600 and 800 cm−1. No OH bands could be de-
tected in the range of 3000 to 3600 cm−1.

In order to complete the spectroscopic characteri-
zation, Raman spectroscopic measurements were per-
formed on single crystals of LaB2O4F. In Fig. 5, the
Raman spectrum of LaB2O4F is displayed. Bands be-
low 500 cm−1 can be interpreted by La–O/La–F bend-
ing and stretching modes as well as lattice vibrations.
Modes above 1200 cm−1, between 600 and 800, and
at ∼ 500 cm−1 can be assigned to vibrations of the
[BO3]3− groups [47, 48].

In the case of LaB2O4F, one must consider that the
trigonal-planar BO3 units are linked to further boron-
oxygen units, forming infinite chains. Hence, every
motion inside of one boron-oxygen unit induces mo-
tions in the connected units. Nevertheless, quantum-
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Fig. 5 (color online). Single-crystal Raman
spectrum of LaB2O4F in the range of
100 – 1700 cm−1 (black) and calculated vibra-
tional bands (blue lines).

chemical calculations of harmonic vibrational frequen-
cies could be useful to assign vibrations of the excited
groups.

Quantum-mechanical calculations of harmonic
vibrational frequencies

To validate the quality of the basis sets and the func-
tional, a geometry optimization of LaB2O4F was per-
formed. Starting from the single-crystal structure, the
geometry optimization yielded deviations less than one
per cent for the lattice parameters and the atomic posi-
tions. The calculations of the harmonic vibrational fre-
quencies were performed with the optimized geome-
try. The calculated bands fit well with the experimental
spectra of LaB2O4F, especially the IR spectrum. The
deviation results out of the approximations in the DFT
method and the calculation of just one unit cell. Calcu-
lations of larger systems (supercells of LaB2O4F) were
not possible. Moreover, the calculation did not con-
sider the temperature (297 K for the experiment). Fur-
thermore, the addition of two Gaussian peaks in the ex-
perimental spectrum led to a shift of the maxima. The
large number of theoretical modes prevents a complete
assignment of all vibrational modes. The intensities of
the IR-active modes were calculated and the results are
shown in Figs. 4 and 5.

The most intensive bands in the range of the experi-
mental IR spectrum have been evaluated and compared
with the experimental spectrum (Table 8). In the as-
signment, the highly condensed boron-oxygen frame-
work must be considered. An exclusive stretching or
bending motion inside a building unit is not possi-
ble. The evaluation of the IR bands shows that in

the region of higher wavenumbers the excitation hap-
pened inside the trigonal [BO3]3− groups as boron-
oxygen stretching. As expected, the shortest boron-
oxygen bonds have the bands at the highest wavenum-
bers (B2–O4 = 130.9(8) pm→ 1473 cm−1 and B1–O1
132.4(9) pm→ 1410 cm−1). At 1068 cm−1 in the cal-
culated spectrum and at 1060 cm−1 in the experimen-
tal spectrum, the B–O stretching mode of the longest
boron-oxygen bond inside of the [BO3]3− group is ob-
served. Bands at lower wavenumbers become more
and more dominated by bending modes. In the re-
gion 690 – 710 cm−1 (calculated at 692 cm−1), the first

Table 8. Comparison and assignment of the most intensive
theoretical and experimental IR bands in the spectrum of
LaB2O4F.

Theoretical Experimental Assignment
band band or region
1473 1450–1500 s(B2–O4)
1461 1450–1500 s(B2–O4)
1410 1390 s(B1–O1)
1401 1390 s(B1–O1)
1343 1325 s(B1–O3), s(B2–O3)
1278 1260 s(B1–O2)
1224 1200–1230 s(B2–O3)
1216 1200–1230 s(B2–O3)
1195 1185 s(O3–B1–O2)
1068 1060 s(B1–O2), s(B2–O2–B1)
887 890 b(B2–O3–B1)
738 750 b(B2–O2–B1)
699 690–710 b(B1–O3–B2)
692 690–710 b(B1–O3–B2), s(La1–O4), s(La1–F1)
476 480 b(O3–B2–O2)
420 410 b(La1–O4–La1),

s – stretching; b – bending; in brackets: pairs of bonded atoms with
large relative motion between them.
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lanthanum-oxygen and lanthanum-fluoride stretching
modes are observed.

Out of the large number of theoretical Raman bands
and the unavailability to calculate the intensity of the
modes in the CRYSTAL09 programm, the assignments
of the Raman bands are more difficult. The discrep-
ancy between the theoretical and the measured bands
indicates the difficulties in the theoretical prediction of
Raman bands. As in the IR spectrum, the mode at the
highest wavenumber (1583 cm−1) corresponds to the
shortest boron-oxygen bond (B2–O4 = 130.9(8) pm).
Raman modes between 1400 – 1500 cm−1 can be as-
signed to boron-oxygen stretching modes. In the range
of 650 – 800 cm−1, bending modes b(B–O–B) are lo-
cated. The strong band at about 400 cm−1 can be as-
signed to lanthanum-oxygen and lanthanum-fluoride
stretching modes.

Conclusions

With the synthesis of LaB2O4F, the first compound
isotypic to CeB2O4F has been discovered and char-
acterized. In accordance with the relatively mild ap-
plied pressure of 1.1 GPa, the structure consists ex-
clusively of trigonal-planar [BO3]3− groups linked to
infinite chains. These chains represent a rare type of
fundamental building block in the chemistry of bo-
rates. The syntheses of the isotypic compounds in
the series REB2O4F for smaller rare-earth cations like
praseodymium or neodymium will be subject of our
future efforts.
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