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The single crystals of CssFeCls were synthesized at 973 K using the sealed tube solid-state molten flux method
using CsCl as a reactive flux. The polycrystalline sample of Cs3FeCls was obtained by the stoichiometric reaction
of CsCl and FeCl, powders at 823 K by the sealed tube solid-state method. The crystal structure of CssFeCls was
determined by single-crystal X-ray diffraction study at 298 (2) K. This ternary halide crystallizes in the body-
centered tetragonal crystal system in I4/mcm space group with cell constants of a=b=9.279 (1) A and
c=14.824 (3) A with four formula units per cell. The asymmetric unit of CssFeCls contains five crystallo-
graphically independent atomic sites: Cs1 (site symmetry: m.2m), Cs2 (422), Fel (42m), CI1 (..m), and CI2 (4/
m..). Each Fe atom in Cs3FeCls structure is bonded to four Cl1 atoms in a slightly distorted tetrahedral fashion to
form isolated FeCl~ units. These FeCl5~ units are separated by the Cs* cations and infinite [CsCl] linear chains.
Charge balance in this closed-shell compound can be achieved by 3 x Cs™, 1 x Fe?*, and 5 x Cl~. Bond valence
sum (BVS) calculation also supports this assignment of formal oxidation states of elements in CssFeCls structure.
The electronic structure calculation for CsgFeCls performed within a density functional theoretical framework
predicts a band gap of 3.5 eV, which is in good agreement with the experimental band gap of 3.71 (2) eV, that

was estimated from the UV-vis absorption edge study of polycrystalline CsgFeCls.

1. Introduction

During the last few decades, a variety of new metal halides have been
synthesized to study the structure-physical property relationships to
fine-tune their physical properties for various applications such as solar
cell, light-emitting devices, and magnetic properties [1-3], etc. Among
these compounds, metal halides with perovskite structure like
CH3NH3PbX; (X = Cl, Br, I) [4], CsMX3 (M = Pb, Sn) [4], and CsoMX, [4]
are extensively studied for solar cell applications. Furthermore, ternary
halides like CsPbX3 (X = Cl, Br, or I) have been well studied for their
light-emitting device applications [2]. Magnetic properties of alkali and
transition metal-based ternary halides have been previously reported in
the compounds like KFeCls [5], CsoCoCly [3], Cs3CoCls [6,7], Cs3MnCls
[8], and Cs3NiCls [9].

The compounds having empirical molecular formula A3MXs
(A =NHy, K, Rb, Cs, Tl, M = transition metal, and X = Cl, Br, I) mainly
crystallize in three different structure types [10]. All these structure
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types contain the isolated MX%’ tetrahedral units [10]. The most com-
mon structure type of this AsMXs family of compounds is tetragonal
Cs3CoCls structure type (space group: I4/mcm) [11]. Compounds like
CssMIs (M = Mn, Cd, Zn) [10], Cs3NiCls [12], CssFeBrs [13], TlsFeCls
[13], CssMnBrs [13], TI3CoCls [13], CssZnBrs [14], Cs3CdBrs [15], and
Cs3CoBrs [16] crystallize in this Cs3CoCls structure type. The second
structure type of AsMXs family is (NH4)3ZnCls structure type [17],
which crystallizes in the orthorhombic Pnma space group. Examples of
compounds that adopts (NH4)3ZnCls structure type are CssZnls [18],
Rb3ZnBrs [19], CssCols [18], Cs3HgCls [20], CssHgBrs [21],
(NH4)3CoCls [13], and (NH4)sFeCls [13]. The third structure type
known in this family is CssHgls structure type [22] with orthorhombic
space group Pbca. Although the basic building blocks (MX3 ™~ units) of all
these compounds are same but the relative sizes of cations and X~ anions
plays an important role in stabilization of one of the three known
structure types. For instance, replacement of smaller ClI~ anion with
bigger I anion in Cs3CoCls structure leads to lowering of symmetry
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form tetragonal to orthorhombic. In general, AsMX5 structures with
large cation or anion favors the orthorhombic structures.

There are four compounds known in the Cs-Fe-Cl ternary phase
diagram: CsFeCls [23], CsFeCly [24], CsgFeCls [25], and Cs3FeaClg [26].
The crystal structures of CsFeClz [23], CsFeCly [24], and Cs3zFeoClg [26]
have been reported previously. There are several reports on the syn-
thesis of Cs3FeCls, but the crystal structure of CssFeCls is not determined
in the past. Seifert et al. have synthesized this compound earlier and
have only reported the cell constants of CssFeCls structure using the
powder X-ray diffraction data. In this article, we are presenting the
crystal structure of CssFeCls structure using the single-crystal X-ray
diffraction study for the first time. We have also optimized the reaction
conditions to produce an almost monophasic polycrystalline sample of
CsgFeCls in one step. The optical absorption study and electronic
structure of CsgFeCls are also presented in this article.

2. Experimental
2.1. Synthesis

The following reactants were used as received: cesium chloride
(99.9%, SRL), iron powder (99.98%, Alfa Aesar), sulfur powder
(>99.5%, Sigma Aldrich), phosphorus powder (99%, Alfa Aesar), and
ferrous chloride (99.5%, Alfa Aesar). These reactants are air and mois-
ture sensitive, and hence, all of the chemical manipulations were per-
formed inside the Ar-filled dry glove box.

P,Ss was synthesized by a stoichiometric reaction of red phospho-
rous and sulfur powder in a sealed evacuated (ca. 10~*Torr) carbon-
coated fused silica tube. The reaction mixture was heated to 733K in
30h, and annealed for 24 h and then cooled to room temperature in
10h. A very light yellow colored product was obtained that was ho-
mogenized inside the Ar-filled dry glove box using an agate mortar and
pestle.

2.1.1. Synthesis of single crystals of CssFeCls

Transparent colorless block shaped crystals of CssFeCls were ob-
tained as a byproduct of a reaction that was aimed for the synthesis of a
quaternary CsyFeP,Sg compound. In an attempt to synthesize CspFeP5Se,
an excess amount of CsCl (361.7 mg, 2.148 mmol) along with Fe (40 mg,
0.7162mmol), P2Ss; (79.6mg, 0.3581 mmol), and S (34.4mg,
1.0745 mmol) were loaded in a carbon coated fused silica tube in an Ar-
filled glove box. The flame-sealed evacuated tube (ca. 10~ Torr) was
first heated to 973K in 15h and annealed for 6 h. The tube was then
slowly cooled to 673 K in 75 h and, annealed there for 24 h, followed by
further cooling to 373K in 60 h before switching off the furnace. The
reaction product was consisting of small transparent white crystals along
with a yellow powder. The elemental compositions of these transparent
crystals were estimated by energy dispersive spectroscopy (EDS) studies
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using octane elite (EDAX Inc., USA) spectrometer that was attached to
the field-emission scanning electron microscope (FE-SEM) (Make: JEOL,
Japan; Model: JSM 7800F). The EDS data were collected with an
accelerating voltage of 15-20 kV. The EDS analysis of the crystals was
performed by choosing multiple random points on the various selected
crystals. The average composition of the crystal was found to be in the
ratio of ~3:1:5 with respect to cesium, iron, and chlorine, respectively
without any other impurities (Fig. 1a).

2.1.2. Synthesis of polycrystalline CssFeCls

Synthesis of polycrystalline CssFeCls was carried out using the sealed
tube solid-state method. A stoichiometric amount of CsCl (399.7 mg,
2.37 mmol) and FeCl, (100.3mg, 0.79 mmol) were loaded inside a
carbon-coated fused silica tube having 10mm inner diameter and
12 mm outer diameter in an Argon filled glove box. These reactants were
dried in an oven before the reaction to remove any undesired moisture.
The fused silica tube containing the reaction mixture was first evacuated
(ca. 1074 Torr) and sealed using a flame torch. The sealed ampoule was
then placed inside a programmable muffle furnace, and the temperature
was slowly ramped up to 823 K temperature with a heating rate of 9 K/h.
The reaction mixture was annealed at 823 K for 36 h before switching
the furnace off. A homogeneous looking ingot was obtained after the
reaction that was ground into a fine powder. The Powder X-ray
diffraction data of this white polycrystalline product was collected for
phase identification.

2.2. Single crystal X-ray diffraction study of CszFeCls

Single-crystal X-ray diffraction data of CssFeCls crystal were
collected at 298 (2) K on a Rigaku Supernova X-Calibur equipped with
Eos CCD detector with a graphite monochromatic Mo-Ka radiation
(A=0.71073 A). The quality of single crystals was judged from re-
flections collected for the unit cell determination. A suitable sized single
crystal was picked under Paratone-N oil and was mounted on a KM4/
Xcalibur Goniometer. The crystal-to-detector distance was 45 mm, and
the exposure time was 20s/frame. Collection of intensity data, cell
refinement, and data reduction were performed using CrysAlis"™ as a
series of 0.6° in w scans [27]. The absorptions corrections were per-
formed by SCALE3 ABSPACK multi-scan method [28].

The SHELX-14 suite of programs was used to solve the crystal
structure of CssFeCls. The XPREP program recommended body (I)
centered tetragonal cell. Value of mean |[E2 —1| (0.88) suggested a
centrosymmetric space group. XPREP program offered three space
groups on the basis of systematic absences: I4/mcm (centrosymmetric),
I4cm (non-centrosymmetric) and I4c2 (non-centrosymmetric). We used
most symmetric space group I4/mcm (no 140) among these three space
groups to solve the crystal structure using the direct method. The
refinement of the crystal structure model was carried out using the
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Fig. 1. (@) The EDS spectrum of one of the Cs3FeCls crystal and (b) PXRD pattern of polycrystalline Cs3FeCls. Reflection corresponding to the minor secondary phase

CsCl is shown by * symbol.
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SHELXTL program package [29] which used full-matrix least-squares on
F? method. Scale factors, weight correction, atomic positions with
anisotropic displacement parameters, and extinction parameter were
refined. As the value of the extinction parameter was found to be nearly
zero, the refinement of the extinction parameter was excluded from the
final cycles of the structure refinement. The solved structure model was
examined using the ADDSYM program [30] of PLATON [30] that did not
detect any missing symmetry. Finally, the STRUCTURE TIDY program
[30] was used to standardize the atomic positions in CssgFeCls structure.
Further crystallographic and structural details are presented in
Tables 1-3.

2.3. Powder X-ray diffraction study (PXRD)

The PXRD data of a homogenized powdered sample of CssFeCls was
carried out at room temperature using a PAN analytical empyrean
diffractometer with Cu-Ku radiation (A = 1.5406 ;\) source. The PXRD
data was recorded over a 20 range of 10°~70° using a 0-20 geometry. The
phase analysis of the PXRD data was performed using the Match! Version
2 software.

2.4. Solid-state ultraviolet-visible (UV-vis) spectroscopy

The optical band gap study of CszFeCls was carried out at room
temperature (298 (2) K). Polycrystalline CssFeCls sample was properly
ground into a fine powder inside an Ar-filled glove box, and then mixed
with dried BaSO4 that acts as a standard reference for the UV-vis ab-
sorption study. Shimadzu UV-3600 instrument was used to collect the
data in diffuse reflectance mode vs. wavelength over the wavelength
range of 800 nm (1.55 eV) to 200 nm (6.2 eV). Kubelka-Munk equation
/S = (1 — R)%/2R was used to convert the reflectance data into ab-
sorption data. Here a, S, and R are the absorption coefficient, scattering
coefficient, and reflectance, respectively [31]. The absorption vs. energy
plot was used to estimate the band gap by absorption edge study.

2.5. Electronic structure calculation methodology

The first-principles calculations are performed within the framework
of density functional theory (DFT) [32] using the projected augmented
wave (PAW) potentials [33] as implemented in the VASP Package [34,
35]. The Perdew-Burke-Ernzerhoff (PBE) [36] form of generalized
gradient approximation (GGA) is used to approximate the
exchange-correlation functional. The Kohn-Sham wavefunctions are
expanded in plane-wave basis set with a kinetic energy cutoff of 320 eV
and higher. The Brillouin zone is sampled using 8 x8x6
Monkhorst-Pack k-point mesh. The lattice constants and the atomic
positions in the unit cell are relaxed until the strongest force becomes

Table 1
Crystallographic data for CszFeCls".
Cs3FeCls

Space group D33 —I4/mcm
a(A) 9.2794 (13)
b (A) 9.2794 (13)
c(A) 14.824 (3)
V(A% 1276.5 (4)
4 4
p(gem™) 3.288
u (mm~ 1) 10.60
R(F)° 0.023
Ry (F)° 0.055

2 2=0.71073 A, T=298 (2) K.

P R(F) = 2 ||Fo|—|Fcl|/ZI|F,| for F? > 26(F2).

€ Ry, (F?) = {Z [w (F2 — F?)?]/swF}"/% For F2 < 0,
w=1/[0* (F2) + (0.0264P)?]; where P = (F2 + 2F%)/
3.
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Table 2
Fractional Atomic Coordinates and isotropic or equivalent isotropic displace-
ment parameters (A%)” for CssFeCls structure.

Atoms  Wyckoff x y z Uiso/Ueq"
Position

Csl 8h 0.16555 0.16555 0.0000 0.03093
) (2) a4

Cs2 4a 0.0000 0.0000 0.2500 0.04322

(18)

Fel 4b 0.0000 0.5000 0.2500 0.0280 (2)

cl1 161 0.64042 0.14042 0.15623 0.0446 (3)
(©) 9 ©

Cl2 4c 0.0000 0.0000 0.0000 0.0373 (4)

? Ujso/Ueq is the one third value of the trace of orthogonalized Uj; tensor.

Table 3
Selected interatomic lengths (A) and angles (deg.) for Cs3FeCls.

Atom pair and bond angles Distances (A) and angles (deg.)

Cs1-Cl1 3.4419 (12) x 2
3.6715 (12) x 4

Cs1-Cl2 3.4629 (5) x 2

Cs2—-Cl1 3.8423 (8) x 8

Cs2-Cl2 3.7061 (2) x 2

Fel-Cl1 2.3083 (11) x 4

Fel- -Fel 6.562 (1)

Csl- -Csl 4.3452 (9)

Cs2- -Cs2 7.412 (1)

Cs1- -Cs2 5.072 (1)

Csl- -Fel 4.2959 (7)

Cs2- -Fel 4.640 (1)

Cl1-Fel-Cl1 111.26 (3) x 4

Cl1-Fel-Cl1 105.94 (7) x 2

less than 1072eV/A. Self-consistency in calculations is achieved by
allowing the total energies to converge up to 10~° eV/cell.

3. Results and discussion
3.1. Syntheses and crystal structure

The transparent colorless block shaped crystals of CsgFeCls were first
obtained as a byproduct in a reaction of Fe, P,Ss, and S powders in
excess of CsCl flux at 973K using the high-temperature sealed tube
method. The experimental PXRD pattern of CssFeCls is in an excellent
agreement with the simulated PXRD pattern that was obtained by the
single crystal X-ray study (Fig. 1b). A tiny amount of CsCl was also
detected as a minor secondary phase along with the major tetragonal
CssFeCls phase.

Crystal structure description of CssFeCls. The crystal structure of
Cs3FeCls adopts Cs3CoCls structure type [11]. It crystallizes with four
formula units in the space group I4/mcm of the tetragonal system with
unit cell lengths of a=b=9.279 (1) A and c =14.824 (3) A. The unit
cell constants of CssFeCls are slightly larger than the isotopic Cs3CoCls
structure (a =b=9.232 (1) A and ¢ = 14.554 (1) A) due to smaller ionic
size of Co®>" (0.58A) as compared to Fe?* jon (0.63A) [11]. The
asymmetric unit of the structure is composed of five crystallographically
independent sites: Cs1 (site symmetry: m.2m), Cs2 (422), Fel (42m),
Cl1 (..m), and CI2 (4/m..). The crystal structure of this ternary halide is
of a pseudo-zero-dimensional type with isolated [FeCl3~] units that are
separated by Cs™ cations and infinite [CsCl] linear chains (Fig. 2). Each
Fe atom is coordinated to four Cl1 atoms forming a distorted tetrahedral
geometry as evident from Fig. 2. The coordination number of Cs1 atom is
eight. Each Csl atom is surrounded by six Cl1 and two Cl2 atoms that
form a distorted bicapped trigonal prism-like geometry, as shown in
Fig. 3a. In contrast to Cs1, the coordination number of Cs2 atoms is ten:
there are eight Cl1 and two Cl2 atoms around each Cs2 atom, forming a
distorted bicapped square antiprism like geometry (Fig. 3b). The Cs2
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Fig. 2. The unit cell structure of the tetragonal Cs3FeCls (space group: I 4/mcm) approximately along (a) [100] and (b) [001] directions. The linear chain that is
made up of Cs2 and ClI2 atoms is shown on the right side of Fig. 2b. The Cs1, Cs2, Fel, Cl1, and CI2 atoms are shown in royal blue, cherry red, green, pink, and sky
blue colors. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

(a) (b)

an
Cs1

- @

Fig. 3. Local coordination environments around (a) Cs1 and (b) Cs2 atoms in
CssFeCls structure.

and Cl2 atoms are forming the linear infinite chains that are running
along the c-direction as shown in Fig. 2b. Each FeCl5~ tetrahedral unit
contains four equal Fe-Cl bond distances of 2.3081 (11) A which are
shorter than the sum of the ionic radii of Fe2* and Cl~ ions (2.44 A) [37].
This observation suggests a covalent bonding between Fe and Cl atoms.
The Fe?"—Cl~ bond distances in CsgFeCls structure are in good agree-
ment with those found in the metal complexes such as ([CsHsS2]2
[FeCly] (2.289 (5)—2.335 (5) A) [38] and [N(CH3)4]o [FeCly] (2.289
(2)—2.296 (2) A) [39]. The tetrahedral coordination environment of
iron atoms in the CsgFeCls structure suggests the high spin state of Fe?*
(3d®) with e*83 electronic configuration since Cl~ is a weak field ligand.

The two different types of Cl1-Fe-Cl1 bond angles of 111.26 (3)°
(x 4) and 105.95 (7)° ( x 2) in FeCsz units of CsgFeCls structure sug-
gest that these tetrahedral are slightly distorted. The Cs1-Cl bond dis-
tances vary from 3.4419 (12) A to 3.6715 (12) A with an average of
3.5619 (1) A. These distances are comparable to corresponding Cs™—Cl
distances in related compounds with similar coordination geometry e.g.,
Cs3MnCls (3.41 (1) to 3.66 (1) A) [40], Cs3CoCls (3.424 (1) to 3.642 (1)
A) [111, and Cs3NiCls (3.431 (2) to 3.627 (2) A) [12]. The Cs2-Cl dis-
tances (3.7061 (2) to 3.8423 (8) f\) are longer than the two different
Cs1-Cl bond distances as expected due to higher coordination number.
The average Cs2—Cl bond distance is 3.815 (1) A.

The Cs2-Cl distances found in CssFeCls structure are comparable to
corresponding distances in related structures e.g., CssMnCls (3.74 (1) to
3.82 (1) A) [40], Cs3NiCls (3.638 (1) to 3.823 (1) A) [12], and Cs3CoCls
(3.638 (1) to 3.813 (1) A) [11].

CssFeCls structure does not show any homoatomic bonding and
hence can be easily charge-balanced based on the Zintl formalism with
3 x CsT, 1 x Fe*, and 5 x Cl™. Furthermore, bond valence sum (BVS)
calculation [41,42] for CsgFeCls structure also suggests the same

assignment of formal charges as discussed above, i.e. (CS+)3(F82+)
(C1)s. However, the BVS value of Cs2 atom is slightly lower than the
expected value of one (Table 4). The Cl2 atom is expected to show a
smaller BVS value than the CI1 as the coordination number for CI2 (10)
is greater than Cl1 (8) atom. Also, the lower BVS value of Cs2 than Cs1
can also be interpreted as a slight underbonding of Cs2 cation with
chloride ion.

3.2. Optical band gap study of CssFeCls

An absorption spectrum of polycrystalline CsgFeCls was collected in
the wavelength region starting from 800nm (1.55eV) to 200 nm
(6.2 eV) to estimate the band gap of this compound. The variation of
absorption (a/S) as a function of energy (eV) is shown in Fig. 4. It is
evident from this figure that CssFeCls mainly absorbs in the UV region of
the electromagnetic spectrum. The absorption edge study of this plot
suggests a band gap of 3.71 (2) eV (Fig. 4). Hence, Cs3FeCls could be
classified as a wide band gap insulator.

3.3. Electronic structure of CssFeCls

Next, we study the atomic and electronic structure of CssFeCls. The
computed lattice parameters and fractional atomic coordinates are
shown in Table 5. As evident, the theoretical estimates of the lattice
constants and fractional atomic coordinates are in good agreement
(<1.6%) with the corresponding experimental values. The computed
unit cell volume is found to be smaller by ~3.5% than the experimental
volume. The total and projected density of electronic states of CsgFeCls
are shown in Fig. 5. The valence band (VB) extends from ~ — 6 eV to
0 eV. The states within ~1 eV below the valence band maximum (VBM,
0 eV) are contributed by 3d states of Fe atoms as can be seen in Fig. 5b. A
small contribution of Cl-3p states at VBM can also be seen. In the energy
range from —2 eV to —4 eV, the states are primarily contributed by Cl-3p
orbitals. The hybridization between Cl-3p and Fe-3d orbitals in the ~ — 3
to ~ — 4.5 eV energy range of VB can be seen in Fig. 5. Further, a weak
hybridization between Cl-3p and Fe-4s orbitals is also evident in energy

Table 4
Bond valence sums (BVS) for atoms in
CssFeCls.

Site BVS

Csl 1.0401

Cs2 0.6354

Fel 2.2177

Cl1 1.0285

Cl2 0.8194
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Fig. 4. Optical UV-vis absorption spectrum of polycrystalline CssFeCls.

Table 5

The computed fractional coordinates of atoms at nonequivalent sites in tetrag-
onal CssFeCls. The calculated lattice constants (a, b, ¢) and volume (V) are
a=b=9.18794, c=14.5952 A and V=1232.09 A% The experimental lattice
constants and volume are a=b=9.2794 (13) A, ¢=14.824 (3) A and
V=1276.45 A%,

Site X y z

Cl1 cal. 0.6371 0.1371 0.1578
exp. 0.6404 0.1404 0.1562

Cl2 cal. 0.0 0.0 0.0
exp. 0.0 0.0 0.0

Csl cal. 0.1649 0.6649 0.0
exp. 0.1655 0.6655 0.0

Cs2 cal. 0.0 0.0 0.25
exp. 0.0 0.0 0.25

Fel cal. 0.0 0.5 0.25
exp. 0.0 0.5 0.25

range ~ —5.5eV to ~ —6.0 eV. The states in the energy range from —8
to —9 eV are contributed by Cs-5p orbitals. The Cl-3s states contribute in
the energy range from ~ —14 eV to —16 eV. The states at ~ —21.5 eV are
comprised of Cs-5s orbitals. The conduction band (CB) is comprised of
primarily by hybridized Cs-5d and Fe-3d states. As can be seen in Fig. 5,
the computed bandgap is found to be ~3.5 eV, which is in good agree-
ment with the experimental gap of ~3.7eV. It may be noted that
reasonable agreement of theoretical bandgap estimate with experi-
mental bandgap may be a coincidence as DFT bandgap estimates are
generally expected to be underestimated.

4. Conclusions

Single crystals of transition metal-based ternary halide, CssFeCls,
were grown inside a sealed carbon-coated fused silica tube at 973K
using the molten flux of CsCl that acted as a reactive flux. The poly-
crystalline phase of Cs3FeCls was also synthesized at 823 K by the sealed
tube solid-state synthesis. The single-crystal study shows that CsgFeCls
crystallizes in the Cs3CoCls structure type in the tetragonal space group,
I4/mcm. CssFeCls structure consists of five crystallographically inde-
pendent sites: Cs1 (site symmetry: m.2 m), Cs2 (422), Fel (42m), Cl1 (..
m) and Cl2 (4/m..). The crystal structure of CssFeCls is made up of
isolated tetrahedral units of [FeCLZ(] that are separated by Cs* cations
and infinite [CsCl] chains. The UV-vis absorption study confirms the
insulating nature of CssFeCls with a band gap of 3.71 (2) eV. The elec-
tronic structure of Cs3FeCls obtained by the DFT study shows that the
valence band is dominated by the Fe-3d and Cl-3p states. In particular,
the states in the vicinity of VBM are comprised of Fe-3d orbitals. The DFT
calculations also suggest insulating behavior with a theoretical band gap
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Fig. 5. (a) The total density of states of CssFeCls. (b) The partial density of
states (PDOS) projected onto Fe atom, (c¢) Cl atom, and (d) Cs atom. The
valence band maximum is shown by the black dashed line.

of 3.5 eV which is in good agreement with the optical band gap of 3.71
(2) eV.

Supporting information

Crystallographic data in CIF format for CsgFeCls has been deposited
with the Cambridge Crystallographic Data Centre as CCDC# 1953419.
This data may be obtained free of charge by contacting CCDC at https://
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