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a b s t r a c t

A combination of high field solid-state MAS NMR spectroscopy, X-ray diffraction, and first-principles
calculations is used to elucidate the crystalline structure of CsSc3F10. At room temperature, this phase
was found to crystallize in the Pmma (n�51) space group with a¼ 8.0837(1) Å, b¼ 7.5764(1) Å, and
c¼ 6.8127(1) Å. The remarkable feature of CsSc3F10 is an unusual high cesium coordination number of 18.
45Sc -19F D-HMQC NMR method has been employed to investigate the connectivity of scandium with
fluorine atoms. NMR parameters were determined using first principle DFT calculations and compared
with experimentally obtained data.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, alkali metal fluoroscandates have attracted a lot
of attention due to their potential applications in solid-state lasers,
solar cell, fluorescent probes and many other areas [1e5]. The
necessary improvement of these different crystalline materials for
these specific applications requires precise knowledge of the local
structure and an accurate description of their structure. There are
many reports on lithium, potassium, and sodium fluoroscandates
(for example: LiScF4 [5], KSc2F7 [2,3], NaScF4 [1,2], and others [6]),
but relatively little is known about rubidium- and cesium-
containing fluoride compounds. We suppose that the main rea-
sons for this lack of investigations are related to the high cost of
ScF3 and the high corrosiveness and hygroscopicity of Rb and Cs
fluorides. In the CsF-ScF3 system, only the structure of CsScF4 has
been reported [7].

Up to now, the crystal structure of CsSc3F10 remains unknown.
Champarnaud-Mesjard and Frit [8] reported the synthesis of this
material and proposed an orthorhombic symmetry and with a
matullin).
structure that might be isostructural with RbIn3F10 [9], which
crystallizes in the P2221 space group. In this model, indium atoms
present two different kinds of coordination: In1 exhibits octahedral
coordination whereas In2 and In3 are 7-coordinated with pentag-
onal bipyramid environments. All these fluorinated polyhedra
sharing either edges or corners form a three dimensional frame-
work, (In3F10)-, with tunnels parallel to the z axis where are located
(8 þ 2)-coordinated rubidium atoms. CsSc3F10 was reported to be
stable up to 477 �C, temperature above which it decomposes into
CsScF4, and ScF3.

Solid state NMR combined with theoretical frameworks, such as
DFT calculations, becomes a more and more powerful tool for
determining the structure of crystalline materials, complementing
the usual diffraction techniques. This combined approach has found
many applications for a wide range of materials [10e12]. In this
work, we use such an approach to determine and describe finely
the structure of CsSc3F10 by coupling X-ray diffraction,1D and 2D D-
HMQC solid-state NMR techniques and first principles calculations.
The unusually high cesium coordination number in a pure fluorine
18 (12 þ 6) environment is discussed in detail.
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Fig. 1. 19F (a) and 45Sc (b) MAS NMR experimental (blue lines) spectra recorded at
60 kHz and at 20 T are presented with their simulations (red lines). Inserts show (a)
Isotropic resonances of the 19F spectrum and (b) expanded 45Sc MAS spectrum in the
region of the central transition (right); and expanded satellite transition sideband
revealing their complex line shape (left). (For interpretation of the references to colour
in this figure legend, the reader is referred to the Web version of this article.)
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2. Experimental methods

2.1. Synthesis

Scandium fluoridewas obtained by precipitation from a solution
of scandium chloride using hydrofluoric acid. Scandium chloride
solution was previously prepared by reacting scandium oxide
(99.9%, Sigma-Aldrich) with hydrochloric acid (analytical purity).
The precipitate was centrifuged and then air-dried at 130 �C. At the
final stage, ScF3 was dried under vacuum at 300 �C. The residual
water content in ScF3 samples was below 0.01wt%. The mechani-
cally homogenized powder mixture of CsF (99%, Sigma-Aldrich)
and ScF3, previously weighed in stoichiometric ratios to match
the CsSc3F10 composition, was placed in a nickel crucible and
heated from room temperature to 402 �C using a rate of 2 �C/min
under argon atmosphere. The holding timewas 100 hours and then
the sample was cooled down to room temperature with an
approximate rate of 2 �C/min.

2.2. NMR measurements

Solid state 19F, 45Sc, and 133Cs NMR spectra were obtained using
Bruker AVANCE III HD 750 (17.6 T) and 850 (20 T) NMR spectrom-
eters. 19F, 45Sc, and 133Cs chemical shifts were referenced to a CFCl3,
0.11M ScCl3 solution in 0.05M HCl, and 0.5M CsCl solution,
respectively. Room temperature MAS NMR spectra were acquired
using 1.3mm Bruker MAS probes. Data were collected at spinning
frequencies ranging from 40 to 67 kHz p/2 pulse widths were 0.73
ms and 2.85 ms for 19F and 45Sc, respectively. In order to improve the
resolution, we have used PISSARRO [13] 45Sc and 19F decoupling.

The SR421 recoupling pulses [14] in the dipolar 45Sc(19F) HMQC
experiments [15] were applied with nutation frequencies
n(19F)¼ 42.4 kHz (p/2 pulse of 5.9 ms). The optimum DQ transfer
was obtained for t¼ 0.2ms, corresponding to 12 rotor periods (two
SR421 super-cycles). The radio-frequency field on the 45Sc channel
was n(45Sc)¼ 100 kHz, the spinning speed was 60 kHz and the
spectral width in the direct dimension was set to 60 kHz. 1052
complex points were recorded with 512 transients, and in the in-
direct dimension, 90 t1 increments. Phase sensitive detection in the
indirect dimension was obtained using the States method [16]. The
recycling delay was set to 0.5 s.

2.3. Powder X-ray diffraction

XRPD data were recorded on a Bragg Brentano D8 Advance
Bruker diffractometer (CuKa radiation) equipped with a LynxEye XE
detector over an angular range of 5�<2q< 130� using a 0.012� step
size. Structural refinements of the CsSc3F10 material were realized
using the Rietveld [17] method with the JANA2006 [18] software.

2.4. CASTEP calculations

First-principles calculations of NMR parameters were per-
formed using the CASTEP NMR program [19] running in the Ma-
terials Studio 7.0 environment using the experimental geometries
determined via diffraction methods, pseudopotentials calculated
“on-the-fly”, and the Perdew, Burke, and Ernzerhof (PBE) [20]
functionals in the generalized gradient approximation (GGA). The
gauge including projector augmented wave (GIPAW) [21,22]
method implemented in CASTEP provides accurate computed
values of the periodic system properties and its use is well-
established in the solid-state NMR literature [23,24]. The cut-off
energies were 600 eV and k-point spacing of 0.04Å�1. Calcula-
tions were carried out after a geometry optimization of all atom
positions, keeping the experimental cell parameters and symmetry
constraints. Optimized structure was obtained by minimizing the
residual forces (jFjmax below 10meV/Å) for all atoms. To convert the
calculated isotropic chemical shielding into isotropic chemical shift,
the definition of calibration curve relating isotropic chemical shift
and shielding is necessary. For 45Sc and 19F the relationship re-
ported in our previous study [6] are: diso¼�0.852� sisoþ667.42
and diso¼�0.589� siso þ20.24, respectively.

3. Results and discussions

3.1. X-ray powder diffraction and NMR spectroscopy

First, X-ray powder diffraction (XRPD) was performed to
determine the nature of the synthesized phase corresponding to
the CsSc3F10 nominal composition. Auto-indexing analysis of the
room temperature XRPD pattern was performed using Dicvol [25]
and Treor [26] indexing softwares. The results led to a similar so-
lution with good reliability factors: an orthorhombic cell with
a¼ 8.08 Å, b¼ 7.58 Å and c¼ 6.81 Å. A subsequent ICDD database
search using close cell parameters (volume tolerance of 10%) and
chemical restrictions (presence of alkali metals and fluorine)
resulted in no match with any reported compound with similar cell
parameters. A small amount of a secondary phase was identified as
ScF3 (ICSD 77071) [27]. After unsuccessful attempts to find iso-
structural phases in both ICSD and ICDD databases, solid-state NMR
spectroscopy was applied to gain more information on this new
crystalline phase.

The 19F MAS NMR spectrum of CsSc3F10 contains five peaks
(Fig. 1a). Accurate simulation of the spectrum, including all spin-
ning sideband patterns, yielded integral intensity ratios of



Fig. 2. 45Sc -19F D-HMQC NMR spectrum recorded at spinning frequency of 60 kHz and
at 20 T. Dashed lines show a correlation between fluorine and scandium atoms.
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1:2:4:2:1 for the resonances
at �17.1 ppm, �23.0 ppm, �31.0 ppm, �38.8 ppm, and �45.6 ppm,
respectively (Table 1). The very small peak of maximum
at �33.9 ppm [6] and showing a Lorentzian-Gaussian line shape,
and was assigned to the secondary phase ScF3. Additionally spec-
trum shows 3 very small peaks at �3.2 ppm, �12.5 ppm
and �55 ppm. The integral intensities of these peaks were very
small, i.e. 0.15%, 0.33%, and 0.24% respectively. We suppose that this
is some unknown cesium fluoroscandates CsxScyFz. The chemical
shift for the bridging fluorine atoms is ranging from �23
to �75 ppm [6], therefore, it can be concluded that each fluorine
atom in the CsSc3F10 compound is bonded with two scandium
atoms.

45Sc MAS NMR spectra recorded at 17.6 T and 20 T contains two
typical quadrupolar lines with relative signal intensities of 1:2
(Table 2 and Fig. 1b and S1). The 45Sc chemical shift values for six
and seven coordinated scandium environments range from �20 to
14 ppm and from�53.5 to �40 ppm, respectively [6]. To the best of
our knowledge, there are no NMR data available for the eight co-
ordination scandium environment [5]. Therefore, from scandium
NMR results, it is difficult to define exactly the coordination num-
ber of scandium atoms. Despite the isotropic chemical shift of the
atoms resonating at a low frequency is beyond the range of
sevenfold coordinated scandium, we suppose that they are most
probably seven coordinated. However, the coordination number
eight for these atoms cannot be excluded. The resonance at a higher
frequency can be assigned to either a 6- or 7- fold coordination.

The presence of the secondary phase ScF3 was also observed in
45Sc NMR spectra. Due to the small deviation of local 45Sc envi-
ronment from perfect spherical symmetry in ScF3, we observed at
nrot¼ 60 kHz a set of small spinning sideband patterns in the 45Sc
spectra. Almost all integral intensity is enclosed in an isotropic
peak. It should be noted, that this peak is narrower compared to
that of CsSc3F10, it has the Lorentzian-Gaussian line shape and
FWHM¼ 300Hz. In case of CsSc3F10, the integral intensity is
distributed over the whole spectrum from �3000 ppm up to
3000 ppm. Additionally, the line shape of the signals of CsSc3F10
shows a quadrupolar broadening. High amplitude of 45Sc NMR
signal of ScF3 compare to that of CsSc3F10 makes the impression
that the content of scandium fluoride impurity in CsSc3F10 was
significant.

In order to gain additional information about the chemical
bonding between scandium and fluorine, we have performed
45Sc-19F D-HMQC MAS NMR experiment (Fig. 2). On the 2D map,
one can observe spots corresponding to SceF bonds. It is seen that
Sc1 type atom is connected with fluorine sites of only two types.
Table 1
Experimental (isotropic chemical shifts diso, chemical shift anisotropies D, asymmetry pa
and isotropic chemical shifts dcalciso) 19F NMR parameters.

Fluorine site diso, ppm (±0.1 ppm) D, ppm (±10 ppm)

F5 �17.1 �167
F4 �23.0 �53
F3 �31.0 �141
F1 �38.8 �181
F2 �45.6 �168

Table 2
45Sc isotropic chemical shifts (diso), quadrupolar constants (CQ), asymmetry parameters (h
and 20 T and calculated 45Sc NMR parameters (isotropic magnetic shielding siso, jCQcalcj

Atom diso, ppm (±0.2 ppm) CQ, MHz (±0.1MHz) hQ (±0.1)

Sc1 �32.2 7.4 0.8
Sc2 �67.3 8.1 0.8
The integral intensities of two 2D peaks of Sc1 type atoms are
different; it means that Sc1 atom is more strongly bonded (with a
shorter bond length) with the fluorine site resonating at �31 ppm
or that out of six/seven fluorine sites surrounding Sc1 atom, more
fluorine sites resonate at �31 ppm than at �45.6 ppm. Second type
scandium atom (Sc2) is surrounded by four different fluorine sites.
We note that the spot Sc2 with F at 23 ppm has the highest integral
intensity.

The 133Cs spectrum recorded at 20 T and 60 kHz exhibits only
one resonance with a Gaussian line shape and a maximum
at �1.2 ppm and FWHM¼ 200Hz (Fig. 2S). This observation in-
dicates the existence of only one type of symmetrical environment
for cesium atoms, even though fast exchange in NMR time scale
between few cesium sites cannot be excluded.
3.2. Determination of the crystal structure of CsSc3F10

As stated above no isostructural model could be found in the
ICDD database to match the cell (a¼ 8.08 Å, b¼ 7.58 Å and
c¼ 6.81 Å) determined by auto-indexation. However, an extensive
bibliographic search allowed us to find a PhD dissertation
mentioning the structure of RbSc3F10 [28]. The proposed model of
RbSc3F10 (Pmma, a¼ 7.790 Å, b¼ 7.581 Å and c¼ 6.648 Å) contains
five crystallographically nonequivalent bridging F sites with rela-
tive multiplicities of 2:4:8:4:2, two Sc sites with relative multi-
plicities of 1:2, and one Rb site. This description perfectly matches
our NMR results, and thus indicates that CsSc3F10 could be iso-
structural to RbSc3F10.
rameters hcs, integral intensities I) and calculated (isotropic magnetic shielding siso

hcs (±0.1) I, % (±1%) siso, ppm dcalciso, ppm

0.24 10 72.3 �22.4
0.03 20 96.9 �36.9
0.02 40 100.2 �38.8
0.26 20 107.2 �42.9
0.2 10 118.0 �49.3

Q), and Integral intensities (I) obtained from the simulation of the 45Sc MAS at 17.6 T
quadrupolar constant, and hQcalc asymmetry parameter).

I, % (±1%) s, ppm diso calc, ppm jCQcalcj, MHz hQcalc

33 831.8 �33.9 7.4 0.33
67 861.6 �55.4 7.4 0.94



Table 4
Atomic coordinates, occupancy (Occ) and equivalent isotropic displacement pa-
rameters (Ueq) (Å2� 103).

Atom Site X Y Z Occ Ueq

Cs1 2e 1/4 0 0.501(1) 1 0.034(5)
Sc1 2d 0 1/2 1/2 1 0.031(1)
Sc2 4g 0 0.2342(3) 0 1 0.018(1)
F1 4k 1/4 0.2309(7) 0.012(3) 1 0.016(2)
F2 2f 1/4 1/2 0.495(8) 1 0.028(3)
F3 8l 0.007(3) 0.308(1) 0.7028(5) 1 0.034(2)
F4 4i �0.015(2) 0 0.830(1) 1 0.023(2)
F5 2b 0 1/2 0 1 0.044(3)
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In order to determine precisely the structure of CsSc3F10, a
Rietveld refinement of room temperature XRPD data was per-
formed. The starting model was based on the RbSc3F10 structure
using the CsSc3F10 cell parameters previously determined and
substituting Cs for Rb. Both cationic and fluorine positions, as well
as atomic displacement parameters, were refined. Good reliability
factors were obtained (wRp¼ 6.00%, Rp¼ 3.48% and GOF¼ 7.21).
The fit of the XRPD Rietveld refinement is shown in Fig. 3. Crys-
tallographic data, atomic coordinates, atomic displacement pa-
rameters and Cs�F and Sc�F interatomic distances are summarized
in Tables 3e5. The amount of the secondary phase ScF3 was esti-
mated at about 6.6 wt% and 6.3wt% frompowder XRD and 19F NMR,
respectively.

The Sc atoms in CsSc3F10 present two different kinds of coor-
dination environments, as well as in RbSc3F10 [28]: 1/3 of the Sc
atoms (Sc1) occupy slightly distorted octahedra and 2/3 (Sc2)
occupy pentagonal bipyramids (Figs. 4 and 5). The structure is
formed by the insertion of octahedral chains between parallel
sheets of pentagonal bipyramids. The bipyramids share edges and
vertices in the c direction and vertices only along the a direction.
The hexagonal tunnels formed in the three-dimensional framework
are occupied by Cs atoms. It should be noted that Cs atoms are
situated in the tunnel central axis along the a-axis.

The coordination environments of the scandium and cesium
Fig. 3. Experimental (red), calculated (black) and difference (blue) XRPD Rietveld
refinement of CsSc3F10 (green marks). Insert shows expanded area between 20 and
56� . Final reliability factors are wRp¼ 6.00%, Rp¼ 3.48% and GOF¼ 7.21. Light green
marks correspond to the secondary phase ScF3. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

Table 3
Crystallographic data from XRD Rietveld refinement.

Chemical formula CsSc3F10
Formula weight (g.mol�1) 457.8
Temperature, �C 20
Z 2
Crystal system Orthorhombic
Space group Pmma (n�51)
Unit cell dimensions, Å a¼ 8.0837(1)

b¼ 7.5764(1)
c¼ 6.8127(1)

Cell volume (Å3) 417.25(1)
Density, calculated (g.cm�3) 3.644
atoms are shown in Fig. 5. F3 fluorine atoms form the octahedron's
base of Sc1 and two F2 atoms are located in the apex. The Sc1eF2/
F3 distances are almost equivalent, 2.021(1) Å and 2.008(3) Å
respectively, and they are very close to the value reported for ScF3
(2.01 Å) [27]. The octahedral environment around Sc1 exhibits
F2eSc1eF2 bond angles of 180� and small deviations from ideal
octahedral angles are observed in the F3eSc1eF3 bond angles,
which are 180� and 90� ±2.90�. Sc2 is coordinated to seven fluorine
atoms. The average Sc2eF distance in the pentagonal bipyramid is
2.07(2) Å. Sc2 occupies the centre of a distorted pentagonal
bipyramid with F1eSc2eF1 angles of 178.58�. The two distinct Sc-
centered polyhedra are joined together through F3 bonding. The
connections between the Sc-centered polyhedra between the
different layers are indicated by bond angles of 178.07� and 175.16�,
for Sc1eF2eSc1 and Sc2eF1eSc2 respectively. Cesium is sand-
wiched by two slightly distorted hexagonal F planes with bond
distances ranging from 2.95(2) Å to 3.42(2) Å (12 coordination).
Four additional F1 atoms from the vertices of the pentagonal bi-
pyramids and two additional F2 atoms from the vertices of the
octahedra are located at longer distances of 3.76(2), 3.89(2) Å and
3.79(2), respectively (Figs. 4 and 5, Table 5). The average CseF
distance is 3.45 Å. Therefore, cesium exhibits an unusual high co-
ordination number of 18, which can also be noted as 12 þ 6, as 6
CseF distances are above 3.5 Å.

Cesium usually show a variable coordination environment
ranging from 6 to 12 [29], but it can also form complexes with
unusually high coordination numbers above twelve. However, such
a coordination number is rare because of the limited space available
around the alkali atom. Pollak et al. studied Cs[H2NB2(C6F5)6]
metallocomplexe, in which a central cesium atom is coordinated by
16 fluorine atoms [30]. To the best of our knowledge, this was the
highest cesium coordination number reported to date. In this
metallocomplexe structure, eight CseF distances range between
3.099(3) and 3.303(3) Å and eight more distances are above 3.5 Å,
ranging between 3.569(2) and 3.799(1) Å, with a mean distance of
3.423 Å. Thus, all bond distances values, as well as, the average
value are very close to that observed in CsSc3F10. In the isostructural
RbSc3F10 structure, the angles between the Sc-centered polyhedra
of the different layers are of 157.60� and 161.75�, for Sc1eF2eSc1
and Sc2eF1eSc2 respectively. The polyhedra of each layer are more
inclined relatively to each other. This leads to a change in the dis-
tances between alkali metal and transition metal/fluorine,
d(RbeSc2)¼ 4.283(6) Å and d(RbeF1)¼ 4.056(5) Å,
d(RbeF2)¼ 3.804(3) Å, respectively, which are almost identical.
Only two additional F1 atoms from the vertices of the pentagonal
bipyramids are bonded to the Rb atom at a distance 3.393(5) Å. It
should be noted that the rubidium cation has smaller ionic radius
than cesium cation. Consequently, rubidium atom in RbSc3F10 is
only 14 coordinated, whereas cesium is 18-coordinated in CsSc3F10
[28].

CsSc3F10, as well as RbSc3F10, has a structure similar to that of



Table 5
Selected bond lengths (Å) from XRD Rietveld refinement.

Sc1eF2� 2 2.021(1) Sc2eF1� 2 2.023(1) Cs1eF3� 4 3.35(2) Cs1eF1� 2 3.76(2)
Sc1eF3� 4 2.008(3) Sc2eF3� 2 2.101(3) Cs1eF3� 4 3.42(2) Cs1-F1� 2 3.89(2)

Sc2eF4� 2 2.121(3) Cs1eF4� 2 2.95(2) Cs1eF2� 2 3.79(1)
Sc2eF5� 1 2.013(2) Cs1eF4� 2 3.10(2)

Fig. 4. Layer structure viewed along x-axis and y-axis.

Fig. 5. Coordination environments of rubidium and scandium atoms. Dashed lines
show Cs-F bonds longer than 3.5 Å. Cs-F bonds distances in Å.
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Rbln3F10, but the cesium and rubidium compositions are charac-
terized by a higher symmetry, Pmma space group, than Rbln3F10
(P2221). In all three compounds, the chains of pentagonal bi-
pyramids are linked by the vertices constituting sheets parallel to
the xoz plane. These sheets are interconnected by vertex-sharing
octahedra. The three-dimensional network contains fluorinated
tunnels parallel to the z axis, into the alkali atoms are inserted. The
coordination environments of indium atoms in Rbln3F10 are more
distorted, which leads to the presence of two kinds of sevenfold
coordinated indium atoms with multiplicities of 1:1, and also to
different coordination environments for rubidium. The coordina-
tion of each rubidium atom is 8 þ 2: two F4 atoms are situated at
distances d(Rb-F4) ¼ 3.37 Å, than the other eight are located at
distances from 2.77 Å to 3.13 Å. These eight fluorine atoms are
situated approximately at the vertices of a dodecahedron.
3.3. CASTEP data

After the crystal structure determination by XRPD, CASTEP cal-
culations were performed on the (atomic positions) optimized
structure. The geometry optimization leads to only very small shifts
in atomic coordinates (jDxj, jDyj, jDzj � 0.0103 or jatomic dis-
placementsj � 0.0851 Å; Table 1S). Therefore, the crystal structure
determined from the XRPD data is close to the minimum energy
structure. It should be noted that the obtained values of the atomic
displacements are close to those found for the structure deter-
mined from powder XRD, i.e. up to 0.0131 Å for K5Sc3F14 [6] and up
to 0.125 Å for K2YF5 and b-KY2F7 [31]. First-principles calculated 19F
and 45Sc NMR parameters are given in Tables 1 and 2 along with the
experimental results. A complete unambiguous assignment of 19F
resonances to fluorine crystallographic sites cannot be performed,
if only the analysis of integral intensities is taken into account: the
signals at �23.0 ppm, �38.8 ppm on the one hand and
at �17.1 ppm, �45.6 ppm one the other have the same integral
intensities. Based on relative intensities, an only partial assignment
of the 19F resonances to the F sites can be performed: lines
at �17.1 ppm and at �45.6 ppm to F2 or F5; lines at �23.0 ppm and
at �38.8 ppm to F1 or F4; line at �37.1 ppm to F3. Thus, the com-
plete assignment of 19F resonances to fluorine crystallographic sites
was based on DFT computations, where the NMR lines were ranked
by increasing order of experimental diso values while the corre-
sponding F sites were ranked by increasing order of calculated 19F
diso values. This assignment of lines to F sites agrees well with the
measured integral intensities (Table 1). We also note that this
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assignment is in a very good agreement with 45Sc-19F D-HMQC
spectrum: Sc1 atom is bonded to F3 and F2, and Sc2 is surrounded
by F1, F3-F5. A discrepancy of ca. 14 ppm between experimental and
calculated chemical shift values is observed for F4. The linear
regression employed here was defined in the previous work [6]
using data for lithium, sodium, and potassium fluoroscandates; no
data for cesium fluoroscandates were available. Since F4 is the
fluorine atom closest to the cesium atom (Table 5), we may attri-
bute the discrepancy to an imperfect description of the ultrasoft
pseudopotentials (USPP) of cesium. Similar discrepancy was also
observed in case of CsF [32]. The attribution of 45Sc signals was
performed from the integral intensities. The resonance with inte-
gral intensity of 33% corresponds to Sc1 atom and the signal with
67% to Sc2 atom. The computed results agree well with the
experimental data. The calculated CQ for Sc2 atom is 7.4MHz, and it
is found slightly lower than the experimental one 8.1MHz. There is
difference between calculated and observed asymmetry parameter
hQ for Sc1 site; the calculated values are higher, 0.8 and 0.33,
respectively. A possible reason for this ambiguity is that accurate
calculations of hQ value require a high precision on the determi-
nation of all three EFG tensor components Vxx, Vyy and Vzz. However,
the agreement between all calculated and experimental NMR pa-
rameters is satisfying and enables reliable assignment of the
observed experimental resonances.

4. Conclusions

CsSc3F10 was synthesized by a solid state reaction route. It was
structurally characterized using a combination of high field solid-
state MAS NMR spectroscopy, X-ray diffraction, and first-
principles calculations. CsSc3F10 exhibits an orthorhombic struc-
ture that is built by stacking layers of Sc-centered polyhedra. The
resulting frameworks contain tunnels that are filled by the cesium
atoms. An unusual high cesium coordination number of 18 (12 þ 6)
was observed. It is the highest coordination for cesium reported to
date. NMR parameters were determined using first principle DFT
calculations. These results could be useful for further designing
novel fluoroscandate's materials with industrial and scientific
applications.
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