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Aim

Ternary rare-earth metal pnictide chalcogenides are characterized by the absence of bonding interactions
between pnictogen and chalcogen atoms. We synthesized ternary rare-earth metal bismuth selenides and
bismuthide tellurides which crystallize with the LaSbTe-type or distortion variants of it. LaSbTe itself exhibits
a layer-like crystal structure and shows charge density waves (CDW) [1]. Because of the crystal chemical
relation to this structure type, it is expected to find similar electronic phenomena in ternary compounds with
equiatomic REBIiSe and REBiTe (RE = La-Nd, Gd, Th) composition. The samples were synthesized via high-
temperature methods in closed niobium ampoules or by the reaction of cold-pressed element mixtures and
characterized by means of PXRD, SEM and TEM EDX. While the tellurides seem to crystallize with the
LaSbTe type structure, the selenides adopt the CeAsS-type. All pre-investigated rare-earth metal bismuthide
chalcogenides occur as microcrystalline substances with plate-like crystals and approximate sizes of 3 um and
less. Since the layer-like structure of the compounds limits the growth of single-crystals suitable for
conventional diffraction experiments, the combination of pre-selective methods and microfocused synchrotron
radiation is necessary for our aim to determine the crystal structure of these samples. A complicated bonding
situation due to distortion effects for the series of REBICh compounds is expected to be found within the
characteristic sheet-like [Bi] building units in dependence of the relative atomic size and the electronic
contribution of the associated rare-earth metal and chalcogen atoms. Results obtained via this technique give
the fundamental basis for further experimental and theoretical investigations.

Experimental Details and results

All samples were investigated by TEM EDX and selected area electron diffraction (SAED) experiments to
ensure the selection of suitable crystallites, i.e. right composition and good crystallinity. The selected
crystallites were fixed on carbon-film-coated TEM finder grids, which were then glued to glass fibers or
sample holders in a way that the crystal of choice (or parts of it) was best accessible by the beam. Beamline
ID11 is equipped with an optical telescope that was used to align the crystallites in the beam. Additionally,
fluorescence scans were performed to achieve final centering. For the experiments with a microfocused beam,
the energy was kept at 41 keV (A = 0.3024 A) to ensure minimal absorption for the investigated compounds



and maximal brilliance of the beam. The beam size used for these experiments was 1.6 um vertically and 1.0
um horizontally. For subsequent investigations of larger crystals, the size of the beam was increased to 50 pm
vertically and 30 um horizontally. All investigations of the beam- and air-resistant samples were implemented
under ambient condition. The data sets were analyzed by using the CrysAlis software [2]. Structure solution
and refinement was conducted using the SHELX or Jana2006 software package. The following samples were
examined:

a) REBITE

Pre-selected single-crystals of REBIiTe (RE = La, Pr) were investigated (Fig. 1). The substances containing La
and Pr found to crystallize as a ternary variant of the CaSh, type structure (P2:/m). The compounds are
characterized by an alternating stacking of [RECh]" and [Bi] building blocks [8].
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Fig. 1. Secondary electron SEM images of CeBiTe (a) and PrBiTe (b) emphasizing the flaky habit of the
crystals accompanying strong intergrowth. ¢) and d) show TEM bright field images of a large agglomerate of
PrBiTe crystals indicated by arrows. A small crystal of LaBiTe investigated at ID11 is shown in e) (STEM-BF
image) and f) (TEM-BF image). The pre-selected crystal was investigated by SAED (g and h).

b) Nd3VS€303
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Fig. 2: STEM-BF image of a small Nd3VSe3;O3 single-crystal investigated at 1ID11 (left). The area used for
data collection is emphasized (right). The crystals quality was pre-investigated by SAED (bottom).



Small needle-like and extremely fragile crystals of a hitherto unknown neodymium vanadium selenide oxide
were investigated (Fig. 2). The compound was found to crystallize with its own structure type (P2;/m, a =
9.751(2) A, b =3.849(8) A, ¢ = 10.631(2) A, p = 94.31(3)°) characertized by chains of edge-sharing [VSe,;O;]
octahedral. The substance can be described electron precisely according to (3RE**)**V**(3Se?)(30%)%. On
basis of the experiments conducted at ID11, four additional compounds RE3VVChzO3 could be find so far [4].

C) ~Bes70SrasN2gs

A data set of a Be/Sr/N containing microcrystal was collected. The compound crystallizes with space group
12/m and lattice parameters of a = 14.1953(2) A, b = 26.1903(2) A, ¢ =15.1003(2) A and B = 90.057(1)°. First
structure refinement revealed a network of BeNjy-tetrahedra including few triginonal planar coordinated Be
atoms. In larger spaces SrNi, cuboctahedra or SrsN2, groups of face-shared cuboctahedron-like polyhedra
occure. Furthermore, the structure includes mixed Sr/N sites and partially occupied Be sites.

d) C8.3P5N10C|

A dataset of CazPsN;oCl was collected and analyzed. The compound crystallizes with the orthorhombic space
group P2y/n and lattice parameters of a =11.955 A, b = 12.748 A and ¢ =13.163 A. The Structure is built up by
a network of corner-sharing PN, tetrahedra forming large channel-like cavities containing the Ba and ClI
atoms. Diffuse diffraction and electron charge residue in these channels indicate a high mobility of the located
atoms.

e) Laz1P40O04sNs7

The collected data set of Lay;P40O4sNs7 was refined in the space group P2i/n (a = 14.042(4) A, b = 7.084(3) A,
C = 41.404(10) A and B = 97.73°). Characteristic for this structure are the hybrid PNy tetrahedra chains
(symbol: Layi{hB,1'0} [P21(N,0)ss(P(N,0)2)17(P(N,0)s)2]). Furthermore, disorder P-P split position and
La/N mixed sites lead to 8 different variants of the chain. [5]

f) Cu12Ado.4Bis7Ses

Two datasets of Cu;2AQo4Bis7Seg were collected for reasons of completeness and merged. The compound
crystallizes in the space group C2/m (a = 13.670(3) A, b = 4.1800(9) A, ¢ = 15.245(4) A and B = 99.54(3)°)
and is similar to the “P-type structure of Cuy 3AgosBis3Ss [6] as @ member of the pavonite homologous series
[7]. This shows that the substitution of Cu in the *P-type structure [8] with Ag results in a pavonite-type
crystal structure with thicker NaCl-type blocks, because Ag mixes with Bi onto the cation positions within this
block.

g) compounds in the system Cu/Fe/S/Se

Six single crystals with different ratios of Cu/Fe and S/Se were measured and resulted in twinned structures or
superstructures similar to the temperature-dependent polymorphs of the mineral CusFeS, stabilized at room
temperature [9-11]. Furthermore, the variation of the cation and anion ratios gave access to new complex and
modulated crystal structures. The solutions and refinements of these crystal structures are still under
investigation.

Outlook

By combining pre-selective methods like TEM with microfocused synchrotron diffraction we achieved
structure determinations, which would have not been possible with conventional electron, x-ray or synchrotron
diffraction methods. Through this technique we could elucidated several new structures. The first publications
stemming from this project are already written and further papers are following soon. This method has proven
to be an essential and reliable tool for the structure determination of micro-sized compounds. We are confident
that results of similar quality can be achieved in future research projects. For further enhancement of structural
characterizations heat or cooling sources might be beneficial, to make metastable phases or phase transitions
accessible for measurement.
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