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Inorganic Fluorine Chemistry

PbF[Br2F7], a Fluoridobromate(III) of a p-Block Metal
Jascha Bandemehr,[a] Malte Sachs,[a] Sergei I. Ivlev,[a] Antti J. Karttunen,[b] and
Florian Kraus*[a]

Abstract: The compound PbF[Br2F7] represents the first fluor-
idobromate(III) of a p-block element. It was synthesized in form
of needle-shaped crystals among its colorless powder from the
direct reaction of PbF2 with BrF3. Powder X-ray diffraction, IR
and Raman spectroscopy show that it was obtained in almost
pure form with Pb3F8 and Pb2F6 as by-products. The single crys-
tal structure was determined by X-ray diffraction. PbF[Br2F7]
crystallizes in space group P21/c (No. 14) with a = 4.3698(3), b =
13.3767(7), c = 12.0836(8) Å, � = 97.509(5)°, V = 700.27(8) Å3,

Introduction

Compounds containing fluoridobromate(III) anions are power-
ful oxidizers and fluorinating agents. The square-planar, mono-
nuclear tetrafluoridobromate(III) anions in the compounds
A[BrF4] (A = Na,[1–3] K,[2–11] Rb,[2,3,12–14] Cs,[9,15,16] Ag,[11,17] NO,[9]

NO2,[9] NF4,[18] NMe4[19]) and Ba[BrF4]2[11,20] are well known. Di-
and trinuclear fluoridobromates(III) containing μ-bridging F at-
oms have recently been unambiguously identified. The anions
are obtained from the reaction [BrF4]– anions with BrF3 mole-
cules. The heptafluoridodibromate(III) anion [F3Br–(μ-F)–BrF3]–

is currently known for the compounds A[Br2F7][21] (A = Rb,[22]

Cs[15,23]), and the decafluoridotribromate(III) anion [(μ-F)(BrF3)3]–

for the compounds A[Br3F10][21,22] (A = Rb, Cs). The [BrF4]– and
[Br2F7]– anions are isostructural to the corresponding fluorido-
aurate(III) anions [AuF4]– and [Au2F7]–, and in some cases the
compounds containing these anions crystallize isotypic to each
other.[8,24] Anionic species of this type have been investigated
recently using quantum chemistry.[25] Among the currently
known tetrafluoridobromates(III) that contain metal cations,
mainly those of s-metal cations have been reported with the
only exception of Ag[BrF4].[11,17] Some metal and nonmetal cat-
ions of the d- and p-block can be stronger fluoride ion accept-
ors than BrF3 and form salts containing the [BrF2]+ cation, such
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Z = 4 at T = 100 K. PbF[Br2F7] decomposes above 50 °C due to
loss of BrF3 and pure PbF2 remains. Quantum chemical calcula-
tions were performed on the crystal structure of the compound
to assign the bands of the vibrational spectra and to obtain
electron density difference maps that visualize the electron
density around the Pb atoms. CHARDI calculations support the
assignment of the oxidation states +II, +III, and –I to the Pb, Br,
and F atoms, respectively.

as [BrF2][MVF6] (MV = V,[26] Nb,[27] Ta,[27] P,[28] As,[29] Sb,[29–31]

Bi[27]), [BrF2]2[MIVF6] (MIV = Ti,[32] Ge,[29,33,34] Sn[31]), or
[BrF2][AuF4].[35] Such [BrF2]+ cations can react with additional
BrF3 molecules with formation of the cations [Br2F5]+ and
[Br3F8]+,[36] both featuring bridging fluoride ions. We recently
set out to explore the chemistry of lead and its compounds in
BrF3. In analogy to [BrF2]2[GeF6] and [BrF2]2[SnF6], we expected
the composition of the lead compound to be [BrF2]2[PbF6]. The
only statement of a reaction taking place between PbF2 and
BrF3 was given by Charpin and co-workers,[35] who described
the obtained compound as PbF2(BrF3)2.[37] By reacting lead(II)
fluoride with BrF3 we obtained single crystals of a compound
with the overall composition PbF2(BrF3)2 and when we carried
out the structure analysis of the compound, we observed that
a heptafluoridodibromate(III) anion [Br2F7]– is present. So, the
compound obtained by us is PbF[Br2F7].

Results and Discussion

The synthesis of PbF[Br2F7] according to Equation (1) is carried
out at room temperature.

PbF2 + 2 BrF3 → PbF[Br2F7] (1)

It leads to the formation of a few small, needle-like, colorless
crystals on the walls of the reaction vessel among colorless
powder containing the compound. After evaporation of the sol-
vent at room temperature, PbF[Br2F7], Pb2F6, and Pb3F8 remain.
The binary lead fluoride Pb3F8 was recently reported.[38]

To analyze the bulk phase composition of the product syn-
thesized according to reaction 1 we carried out a powder X-ray
diffraction experiment on a sample sealed in a borosilicate glass
capillary. The powder X-ray diffraction pattern and the Le Bail
refinement are shown in Figure 1.
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Figure 1. Powder X-ray diffraction pattern of the product of reaction 1 at room temperature after evaporation of the solvent. Experimental data (dots),
calculated Le Bail plot (red), and difference profile (bottom, black). The calculated reflection positions are shown as black ticks: Pb3F8 (first row), Pb2F6 (second
row), PbF[Br2F7] (third row). The grey-shaded area was excluded from the refinement due to being affected by the collimator. Rp = 0.0211, wRp = 0.0289,
cRp = 0.094, cwRp = 0.0914, S = 1.74.

As stated above, the product of the room temperature reac-
tion consists of the three microcrystalline phases PbF[Br2F7],
Pb2F6,[37] and Pb3F8.[38] The presence of the latter two com-
pounds indicates that lead(II) is not stable in liquid BrF3 at room
temperature, but is slowly being oxidized to lead(IV), see Equa-
tion (2) and Equation (3). There, “BrF” is given for the sake of
simplicity.

2 PbF2 + BrF3 → Pb2F6 + “BrF” (2)

3 PbF2 + BrF3 → Pb3F8 + “BrF” (3)

If reaction 1 is carried out at 100 °C, the products are only
Pb2F6 and Pb3F8 (see Figure S2, Supporting Information). This
indicates that the rate of the oxidation from lead(II) to lead(IV)
can be increased by heating the reaction mixture, as may have
been expected.

Single Crystal X-ray Diffraction

PbF[Br2F7] crystallizes in space group P21/c (No. 14) with
a = 4.3698(3), b = 13.3767(7), c = 12.0836(8) Å, � = 97.509(5)°,
V = 700.27(8) Å3, Z = 4 at T = 100 K. Details of the structure
determination and some selected crystallographic data are
given in Table 1.

The crystal structure of the compound contains [Br2F7]– an-
ions (Figure 2) that are slightly different compared to those of
the alkali metal compounds A[Br2F7] (A = Rb, Cs).[15,22,23] Each
of the Br atoms is surrounded by four F atoms in a kite-shape,
and the two kites share a common corner via the bridging F
atom. The Br–(μ-F) distances are with 2.200(11) and 2.254(10) Å
both longer than in the compounds A[Br2F7] [A = Rb: 2.115(2),
2.145(2) Å, A = Cs: 2.113(1), 2.143(1) Å].[15,22,23]

These elongated Br–(μ-F) bonds may be explained due to
the shorter Pb···(μ-F) distance with only 2.522(11) Å in com-
parison to 2.8638(18) Å for Rb···(μ-F) or 3.0663(12) Å for
Cs···(μ-F).[15,22,23] The shortest Br–F bonds in the anion are those
in trans-position to the μ-F atom with 1.753(12) and 1.736(12)
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Table 1. Selected crystallographic data and details of the structure determina-
tion of PbF[Br2F7].

Parameter Value

Empirical formula Br2F8Pb
Color and habit Colorless needle
M /g mol–1 519.01
Crystal system Monoclinic
Space group P21/c (No. 14)
a /Å 4.3698(3)
b /Å 13.3767(7)
c /Å 12.0836(8)
� /° 97.509(5)
V /Å3 700.27(8)
Z 4
ρcalc /g cm–3 4.923
μ /mm–1 35.593
Size /mm3 0.070 × 0.019 × 0.015
λ /Å 0.71073 (Mo-Kα)
T /K 100
Rint, Rσ 0.1386, 0.1360
R(F) (all data), wR(F2) (all data) 0.1165, 0.1106
S (all data) 0.924
No. of data points, parameters, constraints, 1872, 100, 0, 0
restraints
2θ range measured (min; max) 4.56, 58.22
Δρmax, Δρmin /e Å–3 3.170, –1.586

Figure 2. The [Br2F7]– anion in PbF[Br2F7]. Displacement ellipsoids are shown
at the 70 % probability level at 100 K.

Å, as was the case for the Rb and Cs compounds [1.7670(17)
and 1.7799(17) Å, 1.7786(12) and 1.7686(11) Å, respec-
tively].[15,22,23] The other Br–F bonds range from 1.798(11) to
1.942(12) Å in the Pb compound compared to 1.8446(18) to
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1.8900(18) Å in the Rb, and 1.8488(12) to 1.8846(12) Å in the Cs
compound.[15,22,23] The F–Br–F angles of adjacent F atoms lie
between 85.1(4) and 97.8(5)°. They deviate only slightly from
those in the compounds A[Br2F7] with 87.46(7) to 95.65(7)°
(A = Rb) or 87.74(6) to 95.12(5)° (A = Cs).[15,22,23] The Br–(μ-F)–
Br angle is only 105.6(5)°, which is much smaller than in the
other two known compounds {Rb[Br2F7]: 134.75(9)°, Cs[Br2F7]:
140.27(6)°}.[15,22,23] The angle between the two kite-planes is
with 85.2(3)° much bigger than in Rb[Br2F7] with 65.26(6)° or
Cs[Br2F7] with 61.90(4)°.[15,22,23] As a second anion, a fluoride
anion is present. This fluoride anion is only coordinated by
three Pb atoms in a trigonal, almost planar manner with Pb–F
distances from 2.349(11) to 2.436(10) Å and will be called μ3-F
atom. As may be expected, the coordination number of the
cations within the compounds is rather different as well. In the
compounds A2[Br2F7] the coordination number of the Rb and
Cs atoms is each ten with rather homogeneously distributed
A···F distances from 2.8390(17) to 3.1390(18) and 3.0114(12) to
3.2372(12) Å,[15,22,23] respectively. The coordination number of
the Pb atom is best described as 5 + 5, as there are five shorter
Pb–F distances in the range from 2.349(11) to 2.522(11) Å, and
another five significantly longer Pb···F distances from 2.903(11)
to 3.137(12) Å. Figure 3 shows the coordination sphere of the
Pb atom considering only the shorter Pb–F distances. The Pb
atom is coordinated by five fluorine atoms in total, of which
two belong to [Br2F7]– anions, and three are fluoride ions.

Figure 3. The inner coordination sphere around the lead atom. The displace-
ment ellipsoids are shown at the 70 % probability level at 100 K.

The μ3-bridging fluoride anions and the Pb atoms form a
ladder-like one-dimensional infinite band shown in Figure 4.
The steps of the ladder are a little shorter [2.349(11) Å] than the
stringers [2.391(10), 2.436(10) Å]. Every Pb atom of the ladder
is connected to two [Br2F7]– anions with Pb–F distances of
2.522(11) and 2.427(12) Å, which is shown in Figure 4 on the
right side.

If the other five fluorine atoms are also counted to the coor-
dination sphere, the corresponding polyhedra can be best de-
scribed by a distorted sphenocorona (Johnson polyhedron 86).
Through the longer Pb–F connections the infinite ladders are
connected through [Br2F7]– anions to a three dimensional net-
work, which is shown in Figure 5.

We have carried out a full structural optimization of the cell
parameters and atom positions in PbF[Br2F7] at the DFT-PBE0/
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Figure 4. Left: A section of a ladder-like band formed from the lead atom
(green) and the (μ3-F) atom (gold) atoms and their symmetry equivalents. All
distances are in Å and displacement ellipsoids are shown at 70 % probability
level at 100 K. Right: The section of the band, which is shown on the left
side, and the surrounding [Br2F7]– anions. The displacement ellipsoids are
shown at 70 % probability level at 100 K.

Figure 5. The crystal structure of PbF[Br2F7]. The displacement ellipsoids are
shown at 70 % probability level at 100 K. For the sake of simplicity, Pb–F
distances above 2.6 Å are dashed and only one ladder-like band, which is
shown in Figure 3, is highlighted.

SVP level of theory using the CRYSTAL17 software.[39] The calcu-
lated cell volume is around 4 % smaller than experimentally
observed, which is expected considering the calculation is for
a temperature of 0 K. The distances between the μ3-F atoms
and the Pb atoms are in very good agreement with a difference
between calculation and experiment of less than 1 %. The cal-
culated distances for the other fluorine atoms around the Pb
atoms are acceptable with a difference of maximum 7 %. Most
of the calculated distances are expectedly smaller than the ex-
perimentally determined ones. For the [Br2F7]– anion, the calcu-
lated Br–(μ-F) distance is around 4 % smaller, whereas the other
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Br–F distances are slightly (less than 3 %) longer. All calculated
angles are also in good agreement with the measured ones.
Some are overestimated, some are underestimated, however,
the calculated values agree within 4 % to the measured values.
A comparison of calculated and experimentally determined lat-
tice parameters and some selected atom distances and angles
is given in Table S1 (Supporting Information), atom coordinates
and equivalent isotropic displacement parameters are given in
Table S2 (Supporting Information) and anisotropic displace-
ment parameters are shown in Table S3 (Supporting Informa-
tion).

We also applied the charge distribution method (CHARDI)
introduced by Hoppe and co-workers as implemented in the
program CHARDI2015[40] to validate the assignment of the co-
ordination numbers as well as the oxidation states of the lead
atoms. The CHARDI calculation supports the assignment of the
oxidation states +II, +III, and –I to the Pb, Br, and F atoms, re-
spectively. The calculated charge distribution differs only
slightly from the expected charges based on the oxidation
states as given in Table S4 (Supporting Information). Therefore,
the CHARDI calculations demonstrate that a valid, valence-bal-
anced description of PbF[Br2F7] is possible.

The effective coordination numbers (ECoN) obtained from
the CHARDI analysis agree well with the coordination numbers
assigned by our structure analysis. Only in case of the Pb atom
the ECoN yields a slightly higher effective coordination of 5.8
compared with the coordination number 5 resulting from the
first coordination sphere of the distance histogram. This hints
to a small contribution of the five next-nearest fluorine atoms
to the coordination sphere of this atom. The calculated effective
coordination numbers (ECoN) of the two bromine atoms is only
3.1 which contrasts with the coordination number of 4 de-
scribed above. The reason for this is that the Br–(μ-F) distance
is much longer than the other three Br–F distances. So, this only
leads to a small contribution of this fourth bond to the ECoN
value.

We also calculated electron density difference maps to visu-
alize the charge distribution around the Pb atoms in PbF[Br2F7]
(DFT-PBE0/NCPP level of theory, Quantum Espresso software).
Electron density difference maps display the difference of the
electron density of the compound compared to a superposition

Figure 7. Experimentally observed (black) and calculated (red) IR spectra of PbF[Br2F7]. Due to instrument limitations no IR bands below 400 cm–1 were
recorded.
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of the electron density of free atoms, yielding information
where electron density is enlarged or decreased. The electron
density difference map of PbF[Br2F7] is shown in Figure 6 in
the plane of the ladder-like connection of the Pb atoms and
the μ3-F atoms as described above.

Figure 6. Electron density difference map (DFT-PBE0/NCPP) of PbF[Br2F7]
along the ladder-like connection (sketched orange) of the Pb atoms (grey
color) via the μ3-F atoms (yellow color). An increase in electron density is
shown in blue color and solid black lines, while a decrease in electron density
is shown in brown color and dashed black lines.

The electron density around the fluorine atoms (in yellow
color) is nearly spherically increased (in blue color) as is ex-
pected for F– anions due to the high electronegativity of F and
its chemical hardness. The fluorine atoms polarize the electron
density around the lead atoms (in grey color). Due to the ex-
pected high amount of ionic bonding interactions, the electron
density along the Pb–F connection line is minimized. The elec-
tron density at the lead atoms is pushed away from the fluorine
atoms as shown by an increase of electron density that points
outside to the left and right side of the visualized ladder, that
is to the top and bottom in Figure 6. This effect is often referred
to as “sterically active lone-pairs” of the PbII atoms. The differ-
ence electron density of PbF[Br2F7] displays remarkable similari-
ties to the difference electron density of Pb3F8 which exhibits a
related ladder-like structural motif of PbII and F atoms.[38]

Figure 7 and Figure 8 show the experimentally observed and
calculated (at the DFT-PBE0/SVP level) IR and Raman spectra of
PbF[Br2F7], respectively. The band assignment is given in Table
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Figure 8. Experimentally observed (black) and calculated (red) Raman spectra of PbF[Br2F7].

S5 (Supporting Information). All observed IR and Raman bands
are in good agreement to the calculated ones. The IR and Ra-
man vibrations of the [Br2F7]– anion are also in good agreement
to those within Rb[Br2F7].[22]

PbF[Br2F7] decomposes above 50 °C (see Figure S3, Support-
ing Information). This decomposition starts at similar tempera-
tures observed for Cs[Br2F7].[15] To analyze the solid decomposi-
tion products, PbF[Br2F7] was placed in a corundum boat and
warmed to 150 °C (for details see Supporting Information). The
recorded X-ray diffraction pattern shows only PbF2 as the de-
composition product. We investigated the thermodynamics of
the reaction [Equation (4)]

α-PbF2 + 2 BrF3 → PbF[Br2F7] (4)

by calculating the Gibbs Free energies of all three species at
various temperatures at the DFT-PBE0/SVP level of theory. At
room temperature and ambient pressure, the reaction is exo-
thermic with ΔG = –65 kJ/mol. Entropy plays an important role,
as the ΔE value based only on the electronic energies is much
more favorable with –179 kJ/mol at room temperature. At
500 K, the reaction is already endothermic with ΔG = 4 kJ/mol.
The ΔG values are in reasonable agreement with the experi-
ments and illustrate that PbF[Br2F7] is not thermodynamically
stable at high temperatures.

Conclusion

PbF[Br2F7] is the first example of a p-block metal cation in the
presence of a fluoridobromate(III) anion. The compound was
synthesized from the reaction of PbF2 with neat BrF3. We ob-
tained a colorless powder besides a few small needle-like color-
less crystals. PbF[Br2F7] crystallizes in space group P21/c (No. 14)
with a = 4.3698(3), b = 13.3767(7), c = 12.0836(8) Å, � =
97.509(5)°, V = 700.27(8) Å3, Z = 4 at T = 100 K. The crystal
structure contains heptafluoridodibromate(III) anions besides a
ladder-like band formed by Pb and F atoms. We have carried
out a full structural optimization of the cell parameters and
atom positions at the DFT/PBE0-SVP level of theory and ob-
tained a good agreement with the experimentally determined
data. CHARDI calculations support the assignment of the oxid-
ation states +II, +III, and –I to the Pb, Br, and F atoms, respec-
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tively. Calculated effective coordination numbers (ECoN) agree
well with those assigned from our structure analysis. The vibra-
tional spectra (IR and Raman) are in good agreement to the
calculated ones. The thermal decomposition of the compound
starts around 50 °C.

Experimental Section
F2, BrF3, and compounds containing [Br2F7]– anions are rather pow-
erful oxidants and may pose a working hazard to those being unex-
perienced, untrained, and unskilled. Br2 is less reactive than F2. In
comparison PbF2 is very safe, except when swallowed in sufficiently
large amounts.

Synthesis of PbF[Br2F7]: BrF3 was synthesized by passing fluorine
(Solvay, > 99.0 %) through bromine (Merck, p. A.). The reaction was
carried out in a FEP (perfluorinated ethylene-propylene) U-tube un-
der cooling with ice from the outside. After the synthesis, remaining
bromine was pumped off and the BrF3 was stored in previously
passivated FEP tubes.

The synthesis of PbF[Br2F7] was carried out in an FEP tube. A previ-
ously passivated FEP tube was charged with lead(II) fluoride
(132.0 mg, 0.5383 mmol) and an excess of BrF3 (367 mg, 2.68 mmol)
was added dropwise using a PFA pipette. The FEP tube was closed
with a PFA (perfluoralkoxy alkane) valve and stored two days at
room temperature. After pumping off the solvent, the remaining
colorless powder was transferred into a glovebox for sample prepa-
ration.

To obtain single crystals, a mixture of lead(II) fluoride (491.8 mg,
2.006 mmol) and bromine(III) fluoride (3.22 g, 23.5 mmol) was
heated for 3.5 h to 100 °C in a FEP vessel and cooled to room
temperature. In drops of BrF3 some small needle-shaped crystals
were formed. Some of them were selected and used for single-
crystal X-ray diffraction. After this measurement the BrF3 was
pumped off and the remaining colorless powder was transferred
into a glovebox for further sample preparation.

Powder X-ray Diffraction: The powder X-ray diffraction pattern
was recorded at ambient temperature with a STOE Stadi MP powder
diffractometer in Debye–Scherrer geometry. The diffractometer was
operated with Cu-Kα1 radiation [1.5406 Å, Ge(111) monochromator]
and equipped with a Mythen1K detector. The sample was measured
in a sealed 0.3 mm glass capillary (Hilgenberg) and sample prepara-
tion was carried out in a glove box under argon (5.0, Praxair) atmos-
phere. The evaluation of the powder X-ray difraction patterns was
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carried out with the WinXPOW 3.07 software package.[41] Le Bail
refinement was performed with Jana2006.[42]

Single Crystal X-ray Diffraction: For structure analysis, a crystal of
PbF[Br2F7] was selected under perfluorinated oil and mounted us-
ing a MiTeGen loop. Intensity data of a suitable crystal were re-
corded with an IPDS 2 diffractometer (Stoe & Cie). The diffractome-
ter was operated with Mo-Kα radiation (0.71073 Å, graphite mono-
chromator) and equipped with an image plate detector. Evaluation,
integration and reduction of the diffraction data was carried out
using the Stoe X-Area software suite.[43] A numerical absorption
correction was applied with the modules X-Shape and X-Red32 of
the X-Area software suite. The structure was solved with dual-space
methods (SHELXT-2014/5)[44] and refined against F2 (SHELXL-2014/
7).[45] Due to the reactivity and sensitivity of the compound, we
could unfortunately not obtain better crystals. Its shape and ab-
sorption coefficient further hampered the refinement leading to
less satisfactory R values.

CCDC 1953754 (for PbF[Br2F7]) contains the supplementary crystal-
lographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre.

Thermal Measurements: Thermal measurements were done on a
DSC-TGA 3 (Mettler Toledo) with a heating rate of 5 and 10 °C/min
under a stream of nitrogen. Data were collected with the STARe
Software package.[46]

IR Spectroscopy: Infrared spectra were measured on a Bruker Al-
pha Platinum FT-IR spectrometer using the ATR Diamond module
with a resolution of 4 cm–1. The spectrometer was located inside a
glovebox under argon (5.0, Praxair) atmosphere. For data collection,
the OPUS 7.2 software was used.[47]

Raman Spectroscopy: Raman spectra were recorded with a Confo-
cal Raman Microscope S+I MonoVista CRS+, using the 488 nm exci-
tation line of an integrated diode laser (resolution < 1 cm–1; range
50 to 5000 cm–1). The sample was placed into a flame dried 0.3 mm
glass capillary.

Calculations

The structural properties of PbF[Br2F7] were investigated using the
CRYSTAL17 program package.[39] Both the atomic positions as well
as the lattice parameters were fully optimized within the P21/c
space group using the PBE0 hybrid density functional method.[48,49]

Split valence + polarization (SVP) level basis sets derived from the
molecular Karlsruhe basis sets,[50] were applied (see Supporting in-
formation for full basis set details). The reciprocal space was sam-
pled using a Monkhorst-Pack-type 8x2x2 k-point grid.[51] For the
evaluation of the Coulomb and exchange integrals (TOLINTEG),
tight tolerance factors of 8, 8, 8, 8, and 16 were used. Default opti-
mization convergence thresholds and DFT integration grids were
applied in all calculations. The harmonic vibrational frequen-
cies,[52,53] Raman and IR intensities,[54,55] were obtained by using the
computational schemes implemented in CRYSTAL. The predicted
spectra are based on the harmonic approximation and the wave-
numbers have been scaled by a factor of 0.97 to account for the
overestimation typical for ab initio harmonic frequencies.[56] A Lo-
rentzian line shape with FWHM of 8 cm–1 was used for the calcula-
tion of the IR spectrum. The pseudo-Voigt (Gaussian:Lorentzian =
50:50) line shape with FWHM of 8 cm–1 was used for the calculation
of the Raman spectrum. The peak assignment was carried out by
visual inspection of the normal modes in the J mol program pack-
age.[57] The thermodynamic properties of PbF[Br2F7] and α-PbF2
were evaluated using 3*1*1 and 2*4*2 phonon supercells, respec-
tively.
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For charge distribution methods (CHARDI), the program CHAR-
DI2015[40] was used. As input parameters we used the crystal struc-
ture data determined in this paper.

The calculation of the electronic structure was done via DFT using
the software package Quantum Espresso version 6.4.1 that is based
on plane waves and pseudopotentials.[58] We used scalar relativistic
norm-conserving pseudopotentials of the SG15 Optimized Norm-
Conserving Vanderbilt Pseudopotential Database.[59] We chose the
hybrid functional PBE0 for our calculations.[48,49] We used the exper-
imentally determined single-crystal structure as the input for the
DFT calculations. The calculations were performed with an 80 Ry
kinetic-energy cutoff, a 320 Ry charge-density cutoff and a centered
6 × 2 × 2 Monkhorst k-points grid. The Fock operator was sampled
via a Γ-centered grid at each k-point. The divergence of the Cou-
lomb potential was treated with a Gygi–Baldereschi approach.[60]
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