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Report:

Aim

Metastable crystalline phases of multinary antimeeljurides are important as phase-change mateoals
optical and electrical data storage. The corresipgndtable crystalline modifications can be regdrds
candidates for thermoelectrics. Although some ekéhmaterials are already applied in technicalcgsyi
questions regarding structure-property relatiorshape still open, because many structural detal#e h
remained uncledt® This includes on the real-structures of the mal®rie.g. short-range defect ordering,
anti-site defects and concentration modulationtong-range ordered crystals. However, Sb and Tevsho
similar diffraction contrast for conventional X-rayethods, and many interesting phases containiawlalit
elements with similar form factors (e.g. In or SHence, the aim of our experiments at the ESRF lheam
ID11 was to enhance the scattering contrast maksegof anomalous dispersion effects at the K alisorp
edges of these elements (29.2 — 31.8 keV, i. & 00438 A). The comparison of room-temperature lsigh-
temperature data promises insight into diffusiaocpsses associated with phase transitions.

Experiments and Results

In one part of the experiments, we obtained varibigh-resolution datasets of the two similar phases
Gep.6Sho4sTe and GeygShosTe at the Sb and Te edges as well as far away fhenedges (30.49 keV,
31.81 keV, 28.65 keV). The excellent experimentaiditions and good crystal quality allowed to ccile
complete datasets at various tremperatures congpiBragg reflections as well as pronounced diffuse
intensities of a slightly distorted rocksalt tygeusture. The diffuse streaks vanish at temperatareund
300 °C. High temperature data sets at all intargstiavelengths were collected at 500 °C. The dat@ate

an order-disorder transition from a slightly diséar rocksalt type with partially 2D ordered catgfects to

an idealized rocksalt type structure with randosodier of Ge, Sb and vacancies on cation positiartbis
context, due to the high intensity of the X-ray re@y we were also able to gain first in situ obagons of



this temperature dependent order-disorder tramsitiowever, only by snapshot exposures for singlstals
fixed in one position, as shown in Figure 1. Thdata are preliminary, however, the complete dats se
collected are very promising. Work on the strudtwfaaracterization including simulation of the dgg
scattering and the observed phase transitionlismsprogress, however, the atom distributionhe aaverage
rocksalt type structure has already been refinetuding data measured at different energies. Tha da
obtained at the ESRF promise further insight ime structural nature of phase-change materialshwisic
especially interesting since the compositions ef $ingle crystals investigated is close to the asitipn
used for Blu-Ray disc data storage media.
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Figure 1. Temperature dependent investigation of the charfigetenisty distribution by snapshot exposuresadfingle crystal
fixed in one position (1° oscillation per exposune)the temperature range around 300 °C. Diffusdtedng disappears during
heating of the sample and reappears when recoate ] °C/s)

In the other part of our experiments, we obtaingghnesolution resonant scattering data of sevViera-
range ordered phases at the Sn-, Sb- and Te-e21g@9 keV, 30.49 keV, 31.81 keV)and at wavelenggins
away of the edges. These data allow for a simultarmefinement of site occupancies with anisotropic
displacement parameters. The principal elementilgigion in long-periodically ordered structuresclearly
revealed. For R-SnShTe,,'®” the structure of which has been controversialca$sed, we refined the
anomalous scattering factors f and f* with JANPA.A joint refinement of all datasets using SHEEX
(R3m, a=4.2916(4) Ac=41.496(7) ARL = 0.0277) reveals that there is no significanbant of Sb-Te or
Sn-Te anti-site defects in the layered structuiwvéler, mixed site occupancy with Sn and Sb orc#tien
positions depends on the location of the positiath wespect to neighbouring Te layers (cf. Figuje 2
publication of these results will shortly be suliput

The refinement for Sngbe, was successfully used to “calibrate” f' and f’luas for the determination of
the exact structure of the much more complex pls®hTe, and the isotypic compound Snghe, based

on similar multi-wavelength datasets that did ntdva for a stable refinement of the dispersion eotion
parameters. Preliminary results demonstrate tlesetiphases exhibit aR®ype trigonal structure. The long-
periodic structure (Sn$§Te;: R3m, a=4.285(1) A,c = 75.50(1) A) shows interdependent concentration
modulations of the site occuopancies of anion atibic positions accompanied by positional displasmeis
Thermoelectric properties have been measured fibr flwases, which represent ideal model systemaito g
further insight on the exact influence of Ge and &ml the concentration gradients on the materials
properties, which was investigated during our expents at the ID11 beamline.
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Figure 2: Elemental distribution in the crystal structure2dR-SnShTe, determined by multi-wavelength dataset refinement

As the effect of anomalous dispersion is ratherlisthéhe energy is not set very close to the edbas
strongly depends on the exact wavelengths usedelisagvthe environment of the elements if it is\saty
close to the edge, a problem that limits the precisf our results is the fact that the refinearfd f” values
are not very accurate. Although we were able ttmeethem on the “calibration phase” REnSbTey, it
seems reasonable to establish more exact valuesdmpletely ordered phases measured at each
monochromator setting before the actual data dadieen order to obtain exact refined values foaifid f".
Another way might be the direct measurement of tegayg factors from absorption/fluorescence
experiments.

Although integrated datasets could finally be atedi the procedure was tedious as although thegmog
packages provided by the beamline are well estaddifSMART, SAINT, FABLE...), problems occured
during integration for disordered materials whidmow diffuse scattering or long-periodically ordered
structures which show very strong reflections @& #verage structure and extremely weak reflectodribe
superstructure. This situation was complicatedhigyfct that image headers were corrupted afightning
stroke lead to a shutdown. However, the problenh whe data was solved in cooperation with the very
helpful beamline staff.

Outlook

The data obtained demonstrate the possibilitieshef method and allow to investigate the elemental
distribution in multinary antimony tellurides atn@us temperatures. The results obtained will bielipned
soon. In addition we will apply for additional betaite not only to further optimize the technique for
multinary antimony tellurides, but also to investig further interesting long-range ordered phages a
moderate temperatures. Another interesting ideadoas the results of our experiments will be a itkgta
structural in situ investigation of reversible ardésorder transitions of the materials. The alteda
beamtime for our experiments was successfully asetdid not only yield very interesting results higo
initiated new ideas for further experiments.
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